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ABSTRACT
       Since 1968, the ratio of stock market capitalization to GDP has varied by a factor of 5. In 1972,
the ratio stood at above unity, but by 1974, it had fallen to 0.45 where it stayed for the next decade.
It then began a steady climb, and today it stands above 2. We argue that the IT revolution was
behind this and, moreover, that the capitalization/GDP ratio is likely to decline and then rise after
any major technological shift. The three assumptions that deliver the result are:
1. The IT revolution was anticipated by early 1973,
2. IT was resisted by incumbents, which led their value to fall, and 
3. Takeovers are an imperfect policing device that allowed many firms to remain inefficient
until the mid-1980's.
We lay out some facts that the IT hypothesis explains, but that some alternative hypotheses --
oil-price shocks, increased market volatility, and bubbles -- do not.
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boyan.jovanovic@nyu.eduIljxuh 4= Vwrfn pdunhw ydoxh uhodwlyh wr JGS
4L q w u r g x f w l r q
Lq wklv sdshu/ zh vkdoo vwxg| wkh srvw0zdu ehkdylru ri wkh X1V1 vwrfn pdunhw1 Zh vkdoo
dujxh wkdw d pdmru whfkqrorjlfdo lqqrydwlrq fdxvhv wkh vwrfn pdunhw wr eh whpsrudulo|
xqghuydoxhg xqwlo wkh fodlpv wr ixwxuh glylghqgv hqwhu wkh vwrfn pdunhw yld lqlwldo
sxeolf rhulqjv1 Lq rwkhu zrugv/ wkdw djjuhjdwh fdslwdol}dwlrq ihoo ehorz wkh suhvhqw
ydoxh ri glylghqgv ehfdxvh d fkxqn ri wkh glylghqg0|lhoglqj fdslwdo vwrfn zdv plvvlqj
iurp wkh vwrfn pdunhw1 Fdslwdo lv olnho| wr glvdsshdu gxulqj hsrfkv ri pdmru
whfkqrorjlfdo fkdqjh  hvshfldoo| dw wkh ehjlqqlqj ri vxfk hsrfkv/ ehfdxvh wklv lv
zkhq qhz fdslwdo irupv lq vpdoo/ sulydwh frpsdqlhv1 Rqo| zkhq d sulydwh frpsdq|
surplvhv wr eh vxffhvvixo lv lw LSR*g/ dqg rqo| wkhq grhv lwv fdslwdo vwrfn ehfrph
d sduw ri vwrfn0pdunhw fdslwdol}dwlrq1 Juhhqzrrg dqg Mrydqrylf +4<<<, kdyh xvhg
wklv orjlf wr dujxh wkdw wkh lqirupdwlrq whfkqrorj| +LW, uhyroxwlrq fdxvhg wkh srvw0
4<:6 idoo dqg wkh srvw04<;8 ulvh lq wkh udwlr ri pdunhw fdslwdol}dwlrq wr JGS1 Khuh/
zh vkdoo suhvhqw qhz hylghqfh rq wklv ylhz/ dqg rq rwkhu sursrvhg h{sodqdwlrqv ri
wkh *:3*v hslvrgh/ h{sodqdwlrqv olnh rlo0sulfh vkrfnv/ lqfuhdvhg pdunhw yrodwlolw|/ dqg
qrqixqgdphqwdov1
Iljxuh 4 ghslfwv d sx}}olqj skhqrphqrq1 Wkh vrolg olqh lv wkh pdunhw ydoxh ri
X1V1 htxlw| uhodwlyh wr JGS vlqfh Zruog Zdu LL/ phdvxuhg dv wkh udwlr ri pdunhw
fdslwdol}dwlrq wr JGS dv sxeolvkhg e| wkh Ihghudo Uhvhuyh Erdug ri Jryhuqruv1 Diwhu
kryhulqj durxqg rqh doo wkurxjk wkh 4<93*v/ pdunhw0fds2JGS soxpphwhg wr 317 lq
5Iljxuh 5= Uhdo vwrfn pdunhw lqglfhv lq 9 RHFG frxqwulhv
4<:6/ dqg glg qrw uhfryhu xqwlo wkh plg04<;3*v/ dqg wkhq lw urvh vkduso|1
Iljxuh 5 vkrzv wkdw h{fhsw Mdsdq/ wkh ohdglqj RHFG frxqwulhv h{shulhqfhg vlplodu
pryhphqwv lq wkhlu vwrfn pdunhwv1 Wkh jxuh sorwv wkh uhdo vwrfn pdunhw lqglfhv iru
Mdsdq/ Fdqdgd/ 6 Hxurshdq frxqwulhv/ dqg wkh X1V1  ehfdxvh zh gr qrw kdyh wkh
pdunhw fds gdwd iru wkhvh frxqwulhv/ qrw txlwh wkh yduldeoh sorwwhg dv wkh vrolg olqh lq
Iljxuh 4> lqvwhdg ri pdunhw fds/ Iljxuh 5 sorwv d vwrfn pdunhw lqgh{/ dqg wkh lqgh{
lv qrw glylghg e| rxwsxw1 Wkh gdwd duh iurp wkh pdfurhfrqrplf lqglfdwruv sxeolvkhg
e| wkh RHFG dqg fryhu 4<93 04<<;/ h{fhsw iru wkh X1V1 iru zklfk wkh vkduh lqgh{
zdv xqdydlodeoh sulru wr 4<971
Li rqh zhuh wr dgg xs wkh pdunhw fdslwdol}dwlrqv ri wkhvh 9 frxqwulhv dqg glylgh
wkhp e| wkhlu frpelqhg rxwsxw/ rqh zrxog rewdlq d zruog vhulhv wkdw zrxog orrn
pxfk olnh wkh vrolg olqh lq Iljxuh 41 Mdsdq lv dq rxwolhu/ exw wrr vpdoo wr ryhuwxuq
wkh eurdg sdwwhuq lq wkh uhvw ri wkh dgydqfhg zruog1
Phkud +4<<;, dujxhv wkdw wkh nlqg ri yrodwlolw| wkdw Iljxuhv 4 dqg 5 sruwud| lv
qrw frqvlvwhqw zlwk wkh vwdqgdug vwrfkdvwlf jurzwk prgho/ dqg Kdoo +4<<<, qrwhv
wkdw wkh vwdqgdug prgho lpsolhv d sx}}olqj phowgrzq ri fdslwdo lq 4<:6071 Wkh
sx}}oh/ lq whupv ri Iljxuh 4/ lv wkh qhduo| wkuhhirog ghfolqh lq pdunhw0fds2JGS lq
4<:607/ iroorzhg e| lwv yhirog ulvh vlqfh 4<;81 Wkh olwhudwxuh rhuv wkuhh vroxwlrqv
wr wkh sx}}oh1 Iluvw/ wkdw wkh uvw rlo fulvlv/ frpelqhg/ shukdsv/ zlwk d uhdfwlrq lq
prqhwdu| srolf|/ uhgxfhg h{shfwhg ixwxuh surwv ri upv dqg/ dv d uhvxow/ ohg wr d
gurs lq vwrfn sulfhv1 Vhfrqg/ wkdw wkh ghfolqh ri wkh 4<:3*v uh hfwhg d uhvsrqvh ri
6Iljxuh 6= Vkduh ri frpsxwhuv dqg vriwzduh lq uhdo htxlsphqw lqyhvwphqw
ulvn0dyhuvh lqyhvwruv wr d vhfxodu ulvh lq wkh yrodwlolw| ri vwrfn uhwxuqv1 Dqg/ wklug/
wkdw d srvlwlyh exeeoh exuvw/ ru d qhjdwlyh rqh iruphg lq 4<:6 dqg wkdw wrgd| d
srvlwlyh exeeoh h{lvwv/ hvshfldoo| lq wkh lqwhuqhw vwrfnv1
Wklv sdshu wdnhv rq d glhuhqw ylhz1 Wkh ylhz lv wkdw jrrg qhzv duulyhg lq 4<:6/
qhzv wkdw lqirupdwlrq whfkqrorj| zdv rq wkh krul}rq1 Iljxuhv 4/ 5 vkrz wkdw vwrfn
sulfhv ihoo mxvw diwhu Lqwho kdg ghyhorshg wkh plfursurfhvvru lq odwh 4<:4/ dqg mxvw dv
LW lqyhvwphqw/ sorwwhg lq Iljxuh 6/ zdv derxw wr wdnh r1 Lq 4<9;/ LW frpsulvhg rqo|
: shufhqw ri htxlsphqw lqyhvwphqw/ exw lw wkhq vwduwhg wr ulvh/ uhdfklqj 89 shufhqw lq
4<<;/ dqg lv ulvlqj vwloo1 Lw vhhpv qdwxudo/ wkhuhiruh/ wr odeho hduo| 4<:6 dv wkh gdwh lq
zklfk wkh qhzv derxw LW duulyhg1 Duulyhg/ lq wkh vhqvh wkdw wklv lv zkhq lw vwduwhg
wr pdwwhu/ dqg zkhq Dphulfdq exvlqhvv vwduwhg lqfrusrudwlqj lw lq d pdmru zd|1
Wkh sdshu surfhhgv dv iroorzv1 Vhfwlrq 5 ghvfulehv wkh pdlq dvvxpswlrqv dqg/
wkhq/ wkh prgho1 Vhfwlrq 6 ghvfulehv vhyhudo whvwv ri wkh LW k|srwkhvlv1 Vhfwlrq
7 frqvlghuv vrph rwkhu h{sodqdwlrqv1 Vhfwlrq 8 rxwolqhv ixuwkhu whvwv lqfoxgh upv*
ghew/ dqg Vhfwlrq 9 frqfoxghv wkh sdshu1
5W k h LW k|srwkhvlv
Rxu dujxphqw uhvwv rq wkuhh dvvxpswlrqv1 Iluvw/ wkdw wkh vxffhvv ri wkh LW uhyroxwlrq
vxgghqo| ehfdph hylghqw lq hduo| 4<:61 Vhfrqg/ wkdw wkh LW uhyroxwlrq idyruhg qhz
upv/ wkdw lqfxpehqwv uhvlvwhg lw/ dqg wkdw wklv fdxvhg wkhlu ydoxhv wr idoo1 Dqg/
wklug/ wkdw dv d srolflqj ghylfh/ phujhuv dqg wdnhryhuv zrunhg lpshuihfwo|/ wkhuhe|
ohwwlqj lqfxpehqwv uhpdlq lqh!flhqw xqwlo wkh plg04<;3*v1 Zh qrz h{sodlq zk| zh
7qg wkhvh dvvxpswlrqv uhdvrqdeoh1
Dvvxpswlrq 4= Wkh LW uhyroxwlrq zdv khudoghg lq 4<:6/ ru shukdsv lq
vwdjhv gxulqj 4<9;0:7
Ehiruh 4<:4/ wkh frpsxwhu zdv qr iulhqg ri vpdoo exvlqhvv1 D frpsxwhu zdv
h{shqvlyh dqg xvhuv vkduhg frpsxwhu0wlph1 Pdlqiudph frpsxwhuv dqg plqlfrpsxwhuv
k d ge h h qx v h gd wv r p ho d u j hf r p s d q l h v /d wQ D V D /d ww k hG h i h q v hG h s d u w p h q w /d w
wkh Exuhdx ri wkh Fhqvxv/ dqg dw rwkhu ihghudo dqg orfdo jryhuqphqw exuhdxv1 Exw lw
zrxog wdnh d whfkqrorjlfdo ohds ehiruh wkh frpsxwhu frxog wudqvirup wkh zd| exvlqhvv
zdv grqh/ dqg ehiruh dq| up/ odujh ru vpdoo/ frxog drug wr surylgh rqh wr hdfk ri
lwv dgplqlvwudwlyh zrunhuv1
Wkdw whfkqrorjlfdo ohds zdv wkh lqyhqwlrq ri wkh plfursurfhvvru  wkh 7337 frp0
sxwhu fkls1 Wklv lqyhqwlrq pdgh wkh srzhuixo SF ri wrgd| srvvleoh1 E| odwh 4<:4
Lqwho zdv dgyhuwlvlqj wkh fkls/4 dqg frpphufldo lpsohphqwdwlrq iroorzhg doprvw dw
rqfh= D Iuhqfk frpsdq| surgxfhg wkh PLFUDO/ d jhqhudo sxusrvh frpsxwhu wkdw
hperglhg wkh qhz fkls1 D edvh prgho frvw xqghu '5/333/ dqg lw irxqg d pdunhw uh0
sodflqj plqlfrpsxwhuv iru vlpsoh frqwuro rshudwlrqv1 Durxqg wzr wkrxvdqg zhuh vrog
lq wkh qh{w wzr |hduv1111 +Fhux}}l/ 4<<;/ s1 555,15 Lq wkh X1V1/ wkh hduo| dgrswhuv
ri wkh qhz plfursurfhvvru  Lqwho*v 7337 plqldwxuh frpsxwhu  zhuh rxwvlgh wkh
frusrudwh vhfwru/ zklfk vxusulvhg hyhq Lqwho*v vdohv vwd161 Lqwho kdg LSR*g lq Rfwrehu
ri 4<:4 dqg/ e| Dxjxvw 4<:5/ lw kdg uhohdvhg lwv vhfrqg plfursurfhvvru  wkh ;33;17
4Urehuw Qr|fh ^Wkh 4<9; fr0irxqghu ri LQWHO` qhjrwldwhg d ghdo zlwk Exvlfrp ^d Mdsdqhvh
fdofxodwru pdqxidfwxuhu` wr pdqxidfwxuh iru Lqwho fklsv ^wkdw Lqwho kdg ghvljqhg` dw d orzhu frvw
jlylqj Lqwho/ lq uhwxuq/ wkh uljkw wr pdunhw wkh fklsv1 Iurp wkhvh xqvrsklvwlfdwhg qhjrwldwlrqv zlwk
Exvlfrp/ lq Qr|fh*v zrugv/ fdph d slyrwdo prphqw lq wkh klvwru| ri frpsxwlqj1
Wkh uhvxow zdv d vhw ri irxu fklsv/ uvw dgyhuwlvhg lq d wudgh mrxuqdo lq odwh 4<:4/ zklfk lqfoxghg
cd plfursurjudppdeoh frpsxwhu rq d fkls$* Wkdw zdv wkh 7337/ rq zklfk rqh irxqg doo wkh edvlf
uhjlvwhuv dqg frqwuro ixqfwlrqv ri d wlq|/ jhqhudo0sxusrvh vwruhg0surjudp frpsxwhu1 Wkh rwkhu
fklsv frqwdlqhg d uhdg0rqo| phpru| +URP,/ udqgrp dffhvv phpru| +UDP,/ dqg d fkls wr kdqgoh
rxwsxw ixqfwlrqv1 Wkh 7337 ehfdph wkh klvwrulfdo plohvwrqh/ exw wkh rwkhu fklsv zhuh lpsruwdqw dv
zhoo/ hvshfldoo| wkh URP fkls wkdw vxssolhg wkh frgh wkdw wxuqhg d jhqhudo0sxusrvh surfhvvru lqwr
vrphwklqj wkdw frxog phhw d fxvwrphu*v qhhgv1 +Fhux}}l 4<<;/ s1 553,1
5Vlploduo|/ Fdpsehoo0Nhoo| dqg Dvsud| +4<<9/ s1 56:, zulwh wkdw lw zdv srvvleoh wr surgxfh
dq drugdeoh shuvrqdo frpsxwhu +frvwlqj ohvv wkdq '5333/ vd|, dq| wlph diwhu111Qryhpehu 4<:41
Lqghhg/ e| Pdufk ri 4<:7/ Lqwho zdv rhulqj wkh nlw iru wkh Vfhoel0;K plqlfrpsxwhu iru dv orz dv
'773 +Fhux}}l/ 4<<;/ s1 558,1
6Vlqfh lw zdv d plqldwxuh jhqhudo0sxusrvh frpsxwhu/ ^wkh 7337` frxog eh xvhg e| lqgxvwuldo gh0
vljqhuv wr gr dq| qxpehu ri glhuhqw mrev1 Wkh fxvwrpl}dwlrq zrxog eh lq wkh vriwzduh1111 Wkh wdujhw
fxvwrphuv iru wklv xvh ri wkh 7337 fkls zhuh hqjlqhhuv lq Dphulfd*v eljjhvw lqgxvwuldo frpsdqlhv1
Exw prvw ri wkhvh hqjlqhhuv nqhz qrwklqj derxw frpsxwhu surjudpplqj1 Lqvwhdg/ lw zdv vpdoohu/
kxqjulhu frpsdqlhv zlwkrxw d vwurqj/ hqwuhqfkhg pdunhw srvlwlrq wkdw vdz wkh srwhqwldo ri wkh wlq|
fkls uvw1111Wkh hduo| dgrswhuv ri wkh 7337 zhuh pxfk pruh revfxuh1 Vrphrqh lqvlgh Lqwho*v pdunhw0
lqj ghsduwphqw ghvfulehg wkh 7337 fxvwrphu olvw dv qrw vr pxfk Zkr*v Zkr dv Zkr*v WkdwB 
+Mdfnvrq 4<<:/ s1 :8,
7Wzr ex|huv ri wkh ;33; zhuh qrqh rwkhu wkdq Eloo Jdwhv dqg Sdxo Doohq zkr xvhg lw iru d surmhfw
w k d wi d l o h g+ M d f n v r q4 < < : /s 1: 9 , 1
8Wr eh vxuh/ wkh hduo| plfursurfhvvru zdv d kljko| sulplwlyh dqfhvwru ri wrgd|*v SF
 lw kdg qr nh|erdug/ qr vfuhhq/ dqg d plqxwh iudfwlrq ri wkh srzhu1 Exw/ e| hduo|
4<:6/ lw vkrxog kdyh ehhq fohdu wkdw qrz rqh frxog h{shfw udslg ghyhorsphqw ri erwk
kdugzduh dqg vriwzduh1 E| Prruh*v Odz/ wkh srzhu ri frpsxwhuv zrxog txlfno|
ehfrph skhqrphqdo/ dqg/ dv vrrq dv wkh vriwzduh qhhghg wr wxuq wkh frpsxwhu lqwr
d pxowl0sxusrvh sureohp0vroyhu ehfdph dydlodeoh  dqg wklv zdv mxvw d pdwwhu ri wlph
 wkh frpsxwhu zrxog wudqvirup wkh idfh ri Dphulfdq exvlqhvv1
Lw pd| zhoo eh wkdw wkh zruog uhdol}hg pruh judgxdoo| wkdw frpsxwhuv zrxog wudqv0
irup wklqjv lq d elj zd|1 Rxu vwru| zrunv  dqg zh gr qrw uhvlvw wklv lqwhusuhwdwlrq
 li/ lqvwhdg rqh elj qhzv  dvk lq odwh 4<:6/ wkh qhzv fdph lq vhyhudo vwdjhv/ vwduwlqj
lq 4<9; ru vr/ dqg hqglqj lq 4<:71 Wklv zdv wkh shulrg gxulqj zklfk wkh S2\ udwlr
ghfolqhg e| d idfwru ri wkuhh/ zlwk vrph expsv dorqj wkh zd|1 Iru vlpsolflw|/ wkrxjk/
zh vkdoo prgho wkh hslvrgh e| dvvxplqj wkdw doo wkh lqirupdwlrq duulyhg dw rqfh1
Dvvxpswlrq 5= Wkh LW uhyroxwlrq idyruhg qhz upv
Dq rog up kdv rog sk|vlfdo fdslwdo rq kdqg/ dqg vr lw idfhv dq dgglwlrqdo hfr0
qrplf frvw wr lqyhvwlqj lq iurqwlhu phwkrgv1 Lw dovr kdv rog kxpdq fdslwdo rq kdqg> lwv
pdqdjhu pd| odfn wkh dzduhqhvv dqg lwv zrunhuv pd| odfn wkh vnloo wr lpsohphqw wkh
qhz whfkqrorj| +h1j1/ lq 4<:5/ odujh frpsdqlhv glgq*w kdyh wkh surjudpplqj h{shuwlvh
qhhghg wr xvh wkh plfursurfhvvru surgxfwlyho|,1 Lq vkruw/ lqfxpehqwv kdyh d frp0
sdudwlyh glvdgydqwdjh lq dgrswlqj qhz whfkqrorj|1 Wklv lv wkh vxqn frvw dujxphqw
wkdw zh kdyh vhhq lq ylqwdjh fdslwdo jurzwk prghov/ lq lqfxpehqw yv1 srwhqwldo0
hqwudqw prghov ri U)G/ dqg hovhzkhuh1 Rwkhu dujxphqwv wkdw uhodwh lqfxpehqf| wr
whfkqrorjlfdo fkdqjh kdyh uhfhqwo| vxuidfhg= Krophv dqg Vfkplw} +4<<3, dujxh wkdw
vrph shrsoh duh jrrg dw vwduwlqj qhz upv/ zkloh rwkhuv duh jrrg dw uxqqlqj h{lvwlqj
rqhv/ dqg wklv glvwlqfwlrq pdwwhuv hvshfldoo| lq wlphv ri pdmru whfkqrorjlfdo fkdqjh>
vlploduo|/ Xhgd +4<<:, dqg Wdnll +4<<<, dujxh wkdw wkh rqvhw ri whfkqrorjlfdo xqfhu0
wdlqw| uhdoorfdwhv uhvrxufhv wr wkrvh wkdw duh ehvw deoh wr frsh zlwk lw  dq dujxphqw
wkdw uhvwv rq Qhovrq0Skhosv qrwlrqv1
Dq hyhq pruh whoolqj uhdvrq zk| dq lqfxpehqw up zloo uhvlvw fkdqjh lv wkh
hqwuhqfkphqw ri lwv shuvrqqho1 D odujh frpsdq| lv olnho| wr eh wrs0khdy|/ dqg lwv
hpsor|hhv duh pruh olnho| wr eh gudzlqj vdodulhv gr qrw uh hfw wkhlu shuirupdqfh  d
FHR zlwk d kdqgvrph jroghq sdudfkxwh kdv olwwoh uhdvrq wr gr dq|wklqj iru klv up/
pxfk ohvv ohduq vrphwklqj qhz1
Edvhg rq wklv orjlf/ rxu prgho zloo dvvxph wkdw zkhq wkh qhzv ri wkh qhz whfk0
qrorj| duulyhv/ wkh pdunhw fruuhfwo| h{shfwv dq lqfxpehqw wr jr rq grlqj exvlqhvv dv
xvxdo  lqghqlwho|1
Dvvxpswlrq 6= Phujhuv dqg wdnhryhuv duh dq lpshuihfw srolflqj ghylfh
Lq wkhru|/ d vwrfn pdunhw jxlghv surgxfwlyh uhvrxufhv wrzdugv wkrvh kdqgv wkdw
fdq jhqhudwh prvw ydoxh iurp wkhp1 Wkh phfkdqlvp wkdw dffrpsolvkhv wklv lv wkh
wdnhryhu1 Li wkh wdnhryhu pdunhw zhuh iulfwlrqohvv/ hqwuhqfkphqw dqg frpsdudwlyh
9glvdgydqwdjh frxog qrw vxuylyh= Dq lqh!flhqw up zrxog txlfno| eh dftxluhg/ lwv
pdqdjhphqw uhsodfhg/ dqg lwv lqh!flhqw zrun sudfwlfhv holplqdwhg1 Jruw +4<9<, hp0
skdvl}hv wkdw/ e| uhduudqjlqj wkh sdwwhuq ri frpsdudwlyh dgydqwdjh/ d qhz whfkqrorj|
zrxog xvkhu lq d phujhu0zdyh dqg wkdw/ lqvwhdg ri orvlqj ydoxh/ lqfxpehqwv zrxog
vlpso| idfh uhrujdql}dwlrq1
Lq sudfwlfh/ krzhyhu/ wkh wdnhryhu surfhvv idfhv vrph kxugohv1 Lqvlghuv  pdq0
djhphqw dqg xqlrql}hg zrunhuv hvshfldoo|  fdq surwhfw wkhpvhoyhv iurp krvwloh
wdnhryhuv1 Wkhlu up pd| jxdudqwhh wkhp d orw pruh wkdq wkh| duh zruwk1 Wr
vxffhhg/ d udlghu zrxog qhhg wr ex| vxfk shrsoh rxw/ dqg wkh frvw ri grlqj vr frxog
h{fhhg wkh h!flhqf| jdlqv wkdw kh frxog eulqj wr wkh up/ lq zklfk fdvh wkh wdnhryhu
zloo qrw wdnh sodfh1 Pruhryhu/ dv Jurvvpdq dqg Kduw +4<;4, dujxh/ lqfxpehqw vkduh0
kroghuv wrr fdq krog rxw dqg h{wudfw wkh h!flhqf| jdlq iurp wkh dftxlulqj up18
Wkhvh eduulhuv kdyh phdqw wkdw d wdnhryhu kdv wr udlvh ydoxh e| derxw 73( ehiruh lw
jrhv wkurxjk/ dqg wkdw/ dv d uhvxow/ d up fdq orvh ydoxh dqg qrw eh wdnhq ryhu1
Li wkh wdnhryhu kxugoh lv wrr kljk/ wkh lqh!flhqw up pd| eh gulyhq rxw e| pruh
h!flhqw hqwudqwv1 Wklv surfhvv lv vorzhu wkdq wkh wdnhryhu/ dqg wklv pd| eh zk|
wkh pdunhw wrrn pruh wkdq 43 |hduv wr uhfryhu1 Exw/ uhfryhu lw glg/ dqg wkh sdlqixo
dgmxvwphqwv duh wdnlqj sodfh91 Qrw vxusulvlqjo|/ wkh h{fhvv idw lv prvwo| dprqj
pdqdjhuldo dqg qrqsurgxfwlrq zrunhuv +Olfkwhqehuj dqg Vlhjho 4<<4,1: Dqg vlqfh
wkh dgrswlrq ri LW lv lq pdq| upv suredeo| orqj ryhugxh/ vrph upv duh vhhlqj
h{wuhpho| kljk udwhv ri uhwxuq rq wkhlu LW lqyhvwphqwv;1
514 Wkh prgho
Wkh prgho lv d yhuvlrq ri wkh Oxfdv +4<:;, hfrqrp|1 D vlplodu prgho lq Juhhqzrrg
dqg Mrydqrylf +4<<<, kdg vrph frxqwhuidfwxdo lpsolfdwlrqv iru lqwhuhvw udwhv/ dqg zh
vkdoo ghsduw iurp lw lq wzr zd|v1 Iluvw/ rxu hfrqrp| zloo kdyh wzr w|shv ri iuxlw dqg/
8Euhduo| dqg P|huv*v +4<<9/ fk1 66, dffrxqw ri wkh UMU0Qdelvfr ex|rxw lqglfdwhv wkdw wkh
vkduhkroghu dssursuldwhg wkh hqwluh jdlq iurp wkdw ghdo1
9Iduehu dqg Kdoorfn +4<<<, qg wkdw ryhu wkh sdvw wkluw| |hduv/ dqqrxqfhphqwv derxw oderu0
irufh uhgxfwlrqv duh lqfuhdvlqjo| olnho| wr ohdg wr vwrfn0sulfh lqfuhdvhv1 Wkh dxwkruv qg wklv wr eh
frqvlvwhqw zlwk wkh ylhz wkdw vxfk uhgxfwlrqv duh lqfuhdvlqjo| ghvljqhg wr lpsuryh h!flhqf|/ dqg
duh ohvv olnho| wkdq ehiruh wr uh hfw uhgxfwlrqv lq surgxfw ghpdqg1
:Wklv zloo vhhp rgg wr dq|rqh zkr wklqnv ri wkh xqlrql}hg eoxh froodu zrunhu dv wkh sulph
pdfklqh0uhvlvwhu1 Exw wkh frpsxwhu glvsodfhv pdlqo| zklwh0froodu oderu +Ehklqg hdfk DWP  xwwhu
wkh jkrvwv ri wkuhh edqn0whoohuv/ vd|v d uhfhqw Q1\1Wlphv duwlfoh,/ dqg vr wklv lv zkhuh rqh zrxog
h{shfw wr eh deoh wr fxw frvwv wkh prvw1 Lq wkhlu vwxg| ri wkh Lqgldq lurq dqg vwhho lqgxvwu|/ Gdv
dqg Vhqjxswd +4<<<, qg wkdw lq wkh w|slfdo +suhvxpdeo| vkhowhuhg, sxeolf vhfwru up/ pdqdjhuldo
zrunhuv duh pxfk pruh ryhuhpsor|hg wkdq wkh surgxfwlrq zrunhuv1
;Xvlqj hljkw |hduv ri gdwd iru ryhu 4333 upv lq wkh Xqlwhg Vwdwhv/ zh qg wkdw dq lqfuhdvh
ri rqh groodu lq wkh txdqwlw| ri frpsxwhu fdslwdo lqvwdoohg e| d up lv dvvrfldwhg zlwk dq lqfuhdvh
ri yh wr 53 grooduv lq wkh qdqfldo pdunhwv* ydoxdwlrq ri wkh up1 Rwkhu irupv ri fdslwdo gr qrw
h{klelw wkhvh kljk ydoxdwlrqv1 +Eu|qmroivvrq dqg \dqj 4<<;/ s1 4,1 Li wkhvh qxpehuv duh hyhq forvh
wr ehlqj fruuhfw/ LW pxvw kdyh phw zlwk vrph suhww| vwl uhvlvwdqfh1
:vhfrqg/ iuxlw lv dq lqwhuphgldwh jrrg wkdw upv xvh wr pdnh d vlqjoh qdo jrrg  iuxlw
mxlfh1 Vr/ wklv lv d surgxfwlrq hfrqrp| zlwk d vlqjoh qdo jrrg/ wzr lqwhuphgldwh
jrrgv/ qr vwrudjh/ dqg qr fdslwdo1





Frpshwlwlyh upv pdnh mxlfh xvlqj dssohv/ %/ 5/ dqg d wklug idfwru/ ?/ dv lwv lqsxwv
lq wkh frqvwdqw0uhwxuqv0wr0vfdoh surgxfwlrq ixqfwlrq iru qdo jrrgv
+ ' 7 8 E%c5c?c
wdnlqj wkh sulfhv ri iuxlw/ R% dqg R5 dv jlyhq1 Wkh idfwru ? lv {hg> zh vkdoo qrupdol}h
lwv vxsso| wr eh htxdo wr / dqg ghqh
8 E%c5' 7 8 E%c5c









Vlqfh uhwxuqv duh frqvwdqw/ idfwru sd|phqwv htxdo rxwsxw/ dqg upv pdnh }hur surwv1
Wkh surfhhgv iurp wkh vdohv ri dssohv dqg rudqjhv duh sdlg rxw dv glylghqgv1
Fodlpv wr wkh dssoh0wuhh dqg rudqjh0wuhh glylghqgv wudgh iuhho| dw sulfhv %c| dqg 5c|
uhvshfwlyho|1 Li wkh vwuhdp ri glylghqgv wkdw wkhvh wuhhv zloo sd| lv i%|j dqg i5|j/w k h


















51414 Ehiruh wkh vkrfn
Lqlwldoo|/ wkhuh duh qr rudqjh wuhhv1 Wkh hfrqrp| frpsulvhv d xqlw phdvxuh ri dssoh
wuhhv/ hdfk |lhoglqj % dssohv1 Rxwsxw dqg frqvxpswlrq duh
+ ' 8 E%cfc
dqg h{shfwhg wr uhpdlq wkhuh lqghqlwho|1 Dq| fkdqjh lq wklv vwdwh ri ddluv lv
wkrxjkw wr eh lpsrvvleoh/ ru dw ohdvw/ kljko| lpsuredeoh1 Wkh djjuhjdwh vwrfn pdunhw













iru doo / ehfdxvh e| Hxohu*v Wkhruhp Y8
Y% E%cf% 'E  r+/ zkhuh r lv wkh frvw0vkduh
ri wkh idfwru ?1 Wkh udwlr pdunhw fdslwdol}dwlrq wr JGS lv mxvw E  r*E  q1
;51415 Qhzv duulyhv dw gdwh }hur
Qhzv duulyhv dw | 'fwkdw d xqlw0phdvxuh ri rudqjh wuhhv zloo vsulqj iruwk dw wkh
ehjlqqlqj ri gdwh A/ dqg wkdw hdfk wuhh zloo |lhog 5 rudqjhv shu shulrg1 Dw gdwh A
d q gqrw dw gdwh }hur  djhqwv zloo dovr h{shfw wr uhfhlyh dq htxdo vkduh ri fodlpv
wr wkh rxwsxw ri wkhvh rudqjh wuhhv1 Wklv dvvxphg ghod| lv vxssrvhg wr uh hfw wkh
uhdolw| wkdw d qhz frpsdq| wdnhv |hduv ehiruh uhdfklqj lwv lqlwldo sxeolf rhulqj1 Wkh
duulydo ri wkh rudqjh wuhhv shupdqhqwo| udlvhv wkh rxwsxw ri mxlfh wr
+
￿ ' 8E%c5
Xqwlo gdwh A/ vwrfnkroghuv zloo rqo| uhfhlyh wkh glylghqgv iurp wkh dssoh wuhhv1 Doo
wklv ehfrphv nqrzq dw gdwh }hur/ dqg qr ixuwkhu vkrfnv duh h{shfwhg1
Wkh hhfw ri wkh qhzv rq vwrfn sulfhv Lq zkdw iroorzv/ zh vkdoo dvvxph wkdw
r/ wkh vkduh ri wkh wklug lqsxw/ lq frqvwdqw1 Dq h{dpsoh iroorzv1 Vlqfh E  r+ '
8 E%cf '
Y8E%cf￿


















Y% % iru |  A
c
dqg pdunhw fdslwdol}dwlrq qrz ehfrphv1
| '
+
%c| iru |  A  
E￿3r￿+￿
￿3q iru |  A

Qrwh wkdw zh kdyh ghqhg 5c| wr htxdo }hur iru |  A  / hyhq wkrxjk/ hyhq ehiruh
gdwh A/ wkh ydoxh ri wkh vsurxwlqj rudqjh wuhhv zrxog eh srvlwlyh li wkh| zhuh wr wudgh
rq wkh vwrfn pdunhw1
Zkhq wkh qhzv duulyhv/ %c|/ dqg wkhuhiruh | dv zhoo/ idoov iru wzr uhdvrqv1 Iluvw/
wkh udwh ri lqwhuhvw ehwzhhq gdwh A  dqg gdwh A ulvhv ehfdxvh wkdw lv zkhq rxwsxw
ulvhv shupdqhqwo| iurp + wr +￿1 Ehiruh gdwh A duulyhv/ glylghqgv eh|rqg gdwh A duh






Wklv hhfw fdqqrw uhdoo| h{sodlq wkh vwrfn0pdunhw gurs/ krzhyhu/ ehfdxvh wkh uhdo udwh
ri lqwhuhvw vlpso| glg qrw ulvh e| wkdw pxfk gxulqj wkh 4<:3*v dqg 4<;3*v1 Pruhryhu/
lq dq rshq hfrqrp|/ li wkh sulfh ri mxlfh dw doo gdwhv zdv {hg dqg frqvwdqw/ wkh
lqwhuhvw0udwh lpsdfw grhv qrw h{lvw/ hyhq lq wkhru|1
Wkh vhfrqg hhfw lv d srvvleoh revrohvfhqfh ri dssohv  rudqjhv pd| glvsodfh dssohv
dv dq lqsxw dqg/ dvvxplqj wkdw dssohv dqg rudqjhv duh vxevwlwxwhv lq wkh surgxfwlrq




Y% 1 Wkh odujhvw
lpsdfw zrxog rffxu li wkh duulydo ri rudqjhv zhuh wr pdnh dssohv ixoo| revrohwh vr
wkdw 8% E%c5'f 1 Wklv zrxog kdsshq/ h1j1/ li shrsoh zdqwhg dw prvw rqh jodvv ri
<Iljxuh 7= Wkh suhglfwhg sdwk ri wkh pdunhw fds2JGS udwlr
mxlfh/ dqg li wkh| suhihuuhg wkdw mxlfh wr eh sxuh rudqjh1 Wkh ydoxh ri wkh dssoh wuhhv







￿3q iru |  A  
f iru |  A
Ljqrulqj wkh frqvwdqw ri sursruwlrqdolw| E  r/ wkh lpsdfw hhfw ri wkh qhzv dw gdwh
}hur zrxog eh
￿3qA




￿3Ef￿bS￿ 'b ./dS shufhqw gurs dqg wkh odujhvw wkdw wklv prgho
fdq gholyhu1 Wr jhw d gurs ri wklv vl}h/ krzhyhu/ uhtxluhv wkdw zh dvvxph wkh ydoxh ri
lqfxpehqwv wr eh }hur diwhu gdwh A/ dqg wklv/ dv zh vkdoo vhh/ grhv qrw w wkh idfwv1
Diwhu wkh rudqjh wuhhv vwduw wr eh wudghg/ wkh udwlr |*+| uhyhuwv wr lwv suh0qhzv
ohyho ri E  r*E  q Iljxuh 6 looxvwudwhv wkh suhglfwhg wlph sdwk ri |*+| ehiruh
dqg diwhu wkh qhzv duulyhv1 Iljxuh 7 lv wkh wkhruhwlfdo frxqwhusduw ri Iljxuh 41 Wkh
wzr jxuhv orrn vlplodu li wkh gdwh | 'flv vhw wr fruuhvsrqg wr wkh |hdu 4<:6/ dqg
li A ' 2|hduv1 Wklv pljkw vhhp olnh d orqj wlph/ exw wkh wlph0wr0LSR vkrxog eh
orqjhu zkhq d whfkqrorj| lv |rxqj dqg/ khqfh/ ulvn|1 Plfurvriw/ iru h{dpsoh/ zdv
iruphg lq 4<:9 exw rqo| zhqw sxeolf lq 4<;91
H{dpsoh Khuh lv dq h{dpsoh ri d surgxfwlrq ixqfwlrq 8 E%c5c? iru zklfk wkh
vkduh ri wkh wklug idfwru/ l1h1 r/ lv frqvwdqw/ dv zh kdg dvvxphg deryh1 Ohw






k E  ?
￿3kr

43Wkh vkduh ri ? lv E  k1 Wkh sulfh ri dssohv lv k%k3￿ dqg wkh dssoh glylghqg lv k%k
Wkh qhz sulfh lv sulfh ri dssohv lv k%k3￿?￿3kdqg wkh dssoh glylghqg lq xqlwv ri wkh
qdo jrrg lv k%k?￿3k Wkhuhiruh wkh shufhqwdjh gurs lq glylghqg ydoxh lv ?￿3kdqg
lw ghshqgv rq krz pdq| uhvrxufhv ? duh ohiw1 Wklv ghshqgv/ lq wxuq rq krz pxfk
5 duulyhv1 Vxssrvh 5 ' %1 Wkhq wkh IRF vd|v wkdw ?3k ' k E  ?
3k c vr
wkdw ? ' ￿





/ dqg wkh qhz





1 Vr/ glylghqgv ri dssoh wuhhv idoo






6W h v w v r i w k h LW k|srwkhvlv
Wkh prgho vxjjhvwv wkdw wkh gurs dqg vxevhtxhqw ulvh lq pdunhw0fds2JGS vkrxog
kdyh ehhq dffrpsdqlhg e| wkh iroorzlqj yh revhuydwlrqv=
41 Prvw ri wkh srvw04<;8 ulvh lq pdunhw fdslwdol}dwlrq vkrxog eh gxh wr wkh srvw0
4<:5 hqwu| ri qhz upv dqg qrw wr dq lqfuhdvh lq wkh ydoxh ri wkh 4<:5 vwrfn
pdunhw lqfxpehqwv1
51 Wkh prgho vkrxog zrun ehvw iru wkh LW0lqwhqvlyh vhfwruv ri wkh hfrqrp|1 Wkh
odujhvw 4<:607 sulfh ghfolqhv vkrxog kdyh rffxuuhg lq vhfwruv wkdw kdg wkh odujhvw
srvw04<:6 lqyhvwphqwv lq LW  vhfwruv olnh Ilqdqfh/ Lqvxudqfh dqg Uhdo Hvwdwh
+ILUH,/ dqg wkh vhuylfh vhfwru jhqhudoo|1
61 Li LW uhyroxwlrq uhdoo| glg fkdqjh wkh sdwwhuq ri frpsdudwlyh pdqdjlqj dgydq0
wdjh lq 4<:6/ wkhq zh vkrxog vhh d ulvh lq phujhuv/ wdnhryhuv/ dqg h{lwv ehiruh
ru durxqg wkh vdph wlph wkh qhz upv duulyh lq wkh pdunhw1
71 Li wkh LW uhyroxwlrq idyruhg qhz upv/ wkhq qhz +dqg/ shukdsv |rxqj dqg/
khqfh/ vpdoo, upv vkrxog kdyh jurzq idvwhu wkdq elj upv diwhu 4<:61
81 Wkh prgho suhglfwv dq lqfuhdvh ri wkh uhdo lqwhuhvw udwh/ ru lq dq rshq hfrqrp|/
dq lqfuhdvh lq frqvxpswlrq dw wkh wlph wkdw wkh qhzv derxw wkh LW uhyroxwlrq
duulyhv1
Wklv vhfwlrq wdnhv xs hdfk ri wkhvh lpsolfdwlrqv lq wxuq1
614 Wkh idwh ri wkh 4<:5 lqfxpehqwv
Iljxuh 7 vwdwhv wkdw lqfxpehqwv gr qrw wdnh sduw lq wkh gdwh0A uhfryhu| ri wkh vwrfn
pdunhw1 Wr whvw wklv sursrvlwlrq/ zh qhhg wr nqrz zkr wkh 4<:5 lqfxpehqwv zhuh1
Prvw duh fryhuhg e| wkh Fhqwhu iru Uhvhdufk lq Vhfxulw| Sulfhv +FUVS, gdwd1 Wkh
gdvkhg olqh lq Iljxuh 4 lv wkh udwlr ri pdunhw fdslwdol}dwlrq wr JGS iru wkh gdwdvhw
44Iljxuh 8= Wkh idwh ri wkh :5 lqfxpehqwv
sxeolvkhg e| wkh FUVS wkdw frqwdlqv wkh vwrfnv wudghg rq wkh Q\VH/ DPH[/ dqg
QDVGDT1 Wkh glhuhqfh ehwzhhq wkh wzr duh pdlqo| vwrfnv wudghg ryhu wkh frxqwhu1
Ehfdxvh ri phujhuv wkdw wrrn sodfh diwhu 4<:5/ wkh idwh ri wkh 4<:5 lqfxpehqwv
lv d olwwoh dpeljxrxv1 Vrph lqfxpehqwv phujhg zlwk upv wkdw hqwhuhg diwhu 4<:51
Li vr/ grhv wkh qhz ydoxh ehorqj wr wkh rog ylqwdjh ru wr wkh qhzB Zh fdoo wklv
dpeljxrxv fodvv ri upv k|eulgv1 Zh vkdoo glvwlqjxlvk wkhvh k|eulg lqfxpehqwv iurp
sxuh 4<:5 lqfxpehqwv wkdw glg qrw phujhg zlwk dq| srvw04<:50ylqwdjh upv1 Dq
lqfxpehqw lv hlwkhu k|eulg ru sxuh1<
Iljxuh 8 vkrzv wkdw uhodwlyh wr JGS/ wkh 4<:5 FUVS lqfxpehqwv* ydoxh ihoo e|
pruh wkdq 83 shufhqw ryhu d ihz |hduv/ dqg qhyhu ixoo| uhfryhuhg1 \hw/ vlqfh 4<;8 wkh
ydoxh ri wkh pdunhw uhodwlyh wr JGS kdv wulsohg$ W k hv r x u f hr iw k l vq h zy d o x hp x v w /
wkhuhiruh/ eh upv wkdw hqwhuhg diwhu 4<:5/ urxjko| dv Iljxuh 7 dvvhuwv1
Wkh 4<:5 lqfxpehqwv wkxv iduhg edgo|/ dqg hqwudqwv glg vshfwdfxoduo| zhoo/ vrph
48053 |hduv odwhu1 Exw/ lv wklv dw doo xqxvxdoB Diwhu doo/ zh nqrz wkdw hyhq diwhu rqh
frqwurov iru vxuylyruvkls eldv/ vpdoo upv jurz idvwhu wkdq odujh rqhv/ dqg zh eholhyh
wkdw doo upv pxvw glh vrrqhu ru odwhu dqg pdnh zd| iru qhz upv1 Wkh txhvwlrq/
wkhq/ vkrxogq*w eh zkhwkhu wkh 4<:5 lqfxpehqwv glg edgo| uhodwlyh wr vxevhtxhqw
hqwudqwv/ exw udwkhu/ zkhwkhu wkh 4<:5 lqfxpehqwv glg edgo| zkhq frpsduhg zlwk
lqfxpehqwv ri rwkhu ylqwdjhv1 Zkdw ehfdph ri lqfxpehqwv wkdw/ dw d fruuhvsrqglqj
<D frpsohwh ghvfulswlrq ri wkh gdwd frqvwuxfwlrq lv jlyhq lq Dsshqgl{ D1
45Iljxuh 9= Vkduhv ri wkuhh ylqwdjhv ri lqfxpehqwv
vwdjh lq wkhlu h{lvwhqfh/ glg qrw kdyh wr frsh zlwk whfkqrorjlfdo fkdqjh dv pdmru dv
LWB
Iljxuh 9 sorwv wkh pdunhw vkduhv ri wkuhh lqfxpehqw0ylqwdjhv djdlqvw wkhlu djh
+ghqhg dv fdohqgdu wlph plqxv wkhlu ylqwdjh,1 Li qr vhfxulw| wudghg ryhu wkh frxqwhu/
doo wkuhh fxuyhv zrxog ehjlq dw 433 shufhqw1 Lqvwhdg/ wkh lqwhufhswv ri wkh fxuyhv
ulvh zlwk ylqwdjh/ lpso|lqj wkdw ryhu0wkh0frxqwhu wudglqj kdv ghfolqhg lq lpsruwdqfh
uhodwlyh wr pdunhw wudglqj1 Wkh fdslwdol}dwlrq ri vwrfnv wkdw wudghg ryhu wkh frxqwhu
ghfolqhg iurp 78 shufhqw ri wrwdo fdslwdol}dwlrq lq 4<7;/ wr 5; shufhqw lq 4<93/ dqg
qdoo| wr 4:18 shufhqw lq 4<:51 Wklv ghfolqh suredeo| wrrn sodfh ehfdxvh vwrfn pdunhw
wudglqj kdv ehfrph pxfk hdvlhu ryhu wlph/ d wuhqg wkdw lv lwvhoi gxh lq sduw wr wkh
frpsxwhu1
Iljxuh 9 dovr vkrzv wkdw wkh 4<:5 lqfxpehqwv orvw pdunhw vkduh pxfk idvwhu wkdq
wkh rwkhu wzr jhqhudwlrqv1 Dw djh 59/ wkh vkduh ri doo wkuhh jhqhudwlrqv lv durxqg
83 shufhqw/ hyhq wkrxjk wkh 4<:5 lqfxpehqwv vwduw r zlwk dq hohyhq shufhqw kljkhu
pdunhw vkduh1 Wkxv/ wkh 4<:5 lqfxpehqwv glg zruvh wkdq wkh rwkhu jhqhudwlrqv1
615 LW0lqwhqvlyh vhfwruv orvw pruh ydoxh lq 4<:6
Wkh vhuylfh vhfwru kdv lqyhvwhg pxfk pruh khdylo| lq LW wkdq kdv wkh pdqxidfwxulqj
vhfwru/ dqg/ zlwklq wkh vhuylfh vhfwru/ wkh ILUH vhjphqw ri vhuylfhv ehlqj wkh uvw wr
46Wdeoh 4= Vxppdu| vwdwlvwlfv
vhfwru h{srvxuh wr LW *:50*:7 *<; Lqfxpehqw
lqy1 vkduh fds1 vkduh Gurs vkduh
Pdqxi1 661< 4:1< 771: ;315
WFSX 661; 6;18 781; 8<1<
ILUH 6313 7418 7<18 8;1:
Vhuylfhv 6415 7517 :41; 5513
gr vr1 Iljxuh : uhsruwv wkh idwh ri wkh 4<:5 lqfxpehqwv e| pdmru vhfwru= Pdqxidf0
wxulqj/ ILUH/ vhuylfhv/ dqg Wudqvsruwdwlrq/ Frppxqlfdwlrq dqg Sxeolf Xwlolwlhv1
Wzr wklqjv hphujh iurp Iljxuh :1 Iluvw/ wkh eljjhvw 4<:6 ydoxh gursv rffxuuhg
zkhuh vxevhtxhqw LW lqyhvwphqw zdv wkh kljkhvw1 Wkh vpdoohvw 4<:504<:7 ghfolqh lv
lq pdqxidfwxulqj/ zkhuh ydoxhv ihoo e| d idfwru ri 78 shufhqw1 D odujhu ghfolqh +83
shufhqw, rffxuuhg lq ILUH / dqg d odujhu rqh vwloo +:5 shufhqw, lq rwkhu vhuylfhv1 Dqg/
vhfrqg/ zkhuh lqfxpehqwv* ydoxhv ihoo wkh prvw lq 4<:6/ wkh vxevhtxhqw uhfryhu| zdv
wkh zhdnhvw1 Wkh srlqw lv/ qrw ehlqj dv pxfk dw ulvn iurp LW/ pdqxidfwxulqj upv
zhuh qrw klw dv kdug e| lw dv rwkhu vhfwruv zhuh1
Wklv lv doo vxppdul}hg lq Wdeoh 41 Wkh wdeoh uhsruwv wzr glhuhqw phdvxuhv ri
h{srvxuh wr LW1 Wkh uvw/ d  rz frqfhsw/ lv wkh dyhudjh uhdo lqyhvwphqw vkduh ri LW
htxlsphqw lq htxlsphqw lqyhvwphqw iru 4<:704<<91 Wkh vhfrqg/ vwrfn frqfhsw/ lv wkh
vkduh ri uhdo LW htxlsphqw lq wkh uhdo wrwdo vwrfn ri htxlsphqw1 Doo gdwd duh iurp wkh
EHD*v wdqjleoh zhdowk wdeoh1 Wkh uvw phdvxuhv pruh forvho| wkh frvwv ri dgrswlqj
LW/ wkh vhfrqg phdvxuhv wkh xvh ri LW lq surgxfwlrq1 Wkh wzr phdvxuhv glhu zkhq
lqgxvwulhv* udwhv ri lqyhvwphqw duh qrw frqvwdqw1 Wkh vwrfn phdvxuh frqirupv pxfk
ehwwhu wr wkh wkhru|  d fohdu srvlwlyh uhodwlrq h{lvwv ehwzhhq wkh vhfrqg dqg wklug
froxpqv143
Zh dovr uhjuhvvhg wkh 4<:607 shufhqwdjh gurs ri vhfwru / ghqrwhg e| (￿/r qw k h
orj ri wkh fdslwdo vkduh ri LW lq wkh *<9 htxlsphqw fdslwdo vwrfn +phdvxuhg lq 4<<5
sulfhv/ wdnhq iurp wkh EHD wdqjleoh zhdowk wdeoh,/ ghqrwhg e| @R7￿/ dqg rq wkh orj
ri wkh vkduh ri wkh *:5 lqfxpehqwv lq wkh vhfwru*v *<; pdunhw ydoxh/ ghqrwhg e| U?S7￿1







U?S7￿ ? 'D 2 -2 ' 2fD
Khqfh/ wkh pruh LW lqwhqvlyh d vhfwru wxuqhg rxw wr eh wkh kljkhu lwv gurs lq 4<:6/
wkh pruh wkuhdwhqhg lqfxpehqwv zhuh e| hqwu| lq wkh 4<:704<<9 shulrg wkh kljkhu
wkh gurs djdlq1 Wklv hylghqfh lv frqvlvwhqw zlwk rxu k|srwkhvlv1
43Zh wkdqn K|xqedh Fkxq ri Q\X iru surylglqj xv zlwk wkh wkh vhfwrudo0LW lqyhvwphqw gdwd1
47Iljxuh := Wkh idwh ri wkh 4<:5 lqfxpehqwv e| pdmru vhfwru
48Iljxuh ;= Hqwu|/ h{lw/ dqg uhdvrqv iru h{lw iurp vwrfn pdunhw
616 Wkh ulvh ri hqwu|/ h{lw/ wdnhryhuv/ dqg phujhuv
Wkh lqwurgxfwlrq ri lqirupdwlrq whfkqrorj| frlqflghg zlwk d shulrg lq zklfk hqwu|/
h{lw/ wdnhryhu/ dqg phujhu dfwlylw| lq wkh vwrfn pdunhw/ doo lqfuhdvhg1 Zh dujxhg lq
vhfwlrq 5 wkdw wkhvh hyhqwv zhuh wr eh h{shfwhg jlyhq wkdw wkh dgyhqw ri LW/dp d m r u
qhz whfkqrorj|/ uhduudqjhg wkh sdwwhuq ri frpsdudwlyh dgydqwdjh dprqj pdqdjhuv1
Xhgd +4<<:, qgv/ iru lqvwdqfh/ phujhu zdyhv irfxv rq vhfwruv wkdw vxevhtxhqwo| vkrz
kljk surgxfwlylw| jurzwk1 Lw vhhpv/ wkhq/ wkdw zkhq whfkqrorj| vkliwv/ lw surpswv d
uh0vkx"h1
Wkh sorw lq wkh wrs sdqho ri Iljxuh ; vkrzv d surqrxqfhg ulvh lq erwk hqwu| dqg
h{lw lq wkh FUVS44/ ghqrwhg lq whupv ri wkhlu vkduh ri wkh wrwdo pdunhw fdslwdol}dwlrq1
44I r uw k hh q w u |v h u l h v /w z rr e v h u y d w l r q vd u ho h i wr x wr qs x u s r v h4 < 9 4d q g4 < : 5w k h| h d u vw k d w
49Iljxuh <= Wkh udwh ri exvlqhvv lqfrusrudwlrqv dqg wkh qxpehu ri LSR*v
Dv vxjjhvwhg e| wkh prgho/ hqwu| dqg h{lw dfwlylw| erwk lqfuhdvhg vljqlfdqwo| diwhu
4<:61 Wklv uhpdlqv wuxh zkhq rqh orrnv rxwvlgh wkh FUVS1 Dv Iljxuh 43 vkrzv/ wkh
udwh ri lqfrusrudwlrqv dqg uhdo h{lwv kdv ulvhq vxevwdqwldoo| lq wkh 4<;3*v dqg uhpdlqv
kljk451 Wrjhwkhu zlwk wkh hqwu| udwh/ zh dovr sorw wkh qxpehu ri LSR*v dw ohdvw '418
ploolrq lq vl}h146 Vlqfh wkh 4<;3*v LSR*v duh pxfk kljkhu wkdq wkh| zhuh lq wkh 4<:3*v/
dowkrxjk qrw pxfk kljkhu wkdq wkh| zhuh gxulqj wkh 4<93*v1 Exw qhz lqfrusrudwlrqv/
d ehwwhu phdvxuh ri wkh vwduw0xs shdnhg lq wkh 4<;3*v/ dv zhuh h{lwv/ sorwwhg lq wkh
erwwrp sdqho ri Iljxuh 431
Lq wkh pdqxidfwxulqj vhfwru/ wkh udwh ri jurvv mre  rzv vkrzv d voljkw/ exw uhod0
wlyho| xqeurnhq grzqzdug wuhqg1 Wklv grhv qrw vxssruw rxu dujxphqw/ exw/ dv zh
vkdoo vkruwo| grfxphqw/ wkh pdqxidfwxulqj vhfwru kdv lqyhvwhg wkh ohdvw lq LW/d q gl v
wkh ohdvw olnho| wr rhu hpslulfdo vxssruw iru rxu dujxphqw1 Pruhryhu/ Kdowlzdqjhu
dqg Vfkxk +4<<</ Iljxuh 9, qg wkdw wkhuh kdv ehhq d ulvh lq wkh shupdqhqw +l1h1/
h{fhhglqj wzr |hduv, frpsrqhqw ri mre0ghvwuxfwlrq1 Wkdw lv/ d mre lv qrz ohvv olnho|
DPH[ dqg QDVGDT hqwhu wkh FUVS1
45Wkh hqwu| dqg h{lw gdwd sorwwhg lq Iljxuh 43 duh udwhv shu 43/333 uhjlvwhuhg hqwhusulvhv1 Wkh
gdwd zhuh surylghg xv e| Ydohulh Udph|> vkh kdg suhvhqwhg wkhp lq d glvfxvvlrq dw wkh QEHU
Ioxfwxdwlrqv phhwlqj/ Mxo| 4:/ 4<<<1
46Pruh ghwdlov rq wkhvh gdwd duh lq Leerwvrq hw do +4<<7,1
4:Iljxuh 43= Wkh udwh ri idloxuh ri exvlqhvvhv
wr eh ghvwur|hg/ exw zkhq lw lv jrqh/ lw lv jrqh iru jrrg1 Wklv dovr h{sodlqv zk|
xqhpsor|phqw gxudwlrq kdv ulvhq lq wkh 4<<3*v/ d wlph zkhq wkh xqhpsor|phqw udwh
lv jhqhudoo| idoolqj147
Jurvv mre0 rzv pd| kdyh voljkwo| ghfolqhg/ exw/ rq wkh rwkhu kdqg/ jurvv  rzv ri
fdslwdo kdyh ulvhq1 Udph| dqg Vkdslur +4<<;, frpslohg d jurvv0fdslwdo0 rz vhulhv/
uhsurgxfhg lq Iljxuh 44/ wkdw vkrzv d ghqlwh ulvh vlqfh wkh 4<;3*v/ hvshfldoo| lq
fdslwdo ghvwuxfwlrq1
Wkh jurvv  rzv ri upv dqg ri fdslwdo vhhp/ wkhuhiruh/ wr kdyh slfnhg xs vlqfh wkh
4<;3*v1 Qh{w/ zh uhwxuq wr wkh FUVS zklfk ghfrpsrvhv wkh h{lwv +exw qrw hqwulhv,
lqwr vhyhudo fdwhjrulhv1 Rxu qh{w wdvn lv wr txdqwli| wkh lqglylgxdo h{lw  rzv1
Wkh erwwrp wzr sdqhov ri jxuh ; ghslfw wkh uhdvrqv iru h{lw1 Wkh shdn lq h{lw lq
wkh 4<;3*v lv gxh pdlqo| wr phujhuv dqg h{fkdqjhv/ frqvlvwhqw zlwk wkh hylghqfh lq
Jroeh dqg Zklwh +4<<6,1 Wkh vkduh ri upv oltxlgdwhg dovr shdnhg lq wkh hduo| ;3*v1
Wkh iudfwlrq ri ydoxh gursshg iurp wkh pdunhw/ pdlqo| ehfdxvh wkh up ghflghv wr
vwrs wr eh wudghg rq wkh pdunhw/ lv idluo| frqvwdqw iru wkh srvw zdu shulrg1
Rqh lpsruwdqw fdyhdw khuh1 Zh kdyh lqwhusuhwhg wkh ulvh lq vwrfn0pdunhw hqwu|
dv d v|pswrp ri juhdwhu iuhtxhqf| ri srolflqj dfwlylw| wkh ruljlq ri zklfk lv wkh
hvwdeolvkhg upv* uhvlvwdqfh wr LW1 Exw wkh lqfuhdvhg hqwu| pd| kdyh d glhuhqw
h{sodqdwlrq= Frpsxwhul}hg wudglqj dqg wkh QDVGDT pdgh lw uhodwlyho| fkhdshu iru
upv wr eh wudghg rq wkh vwrfn pdunhw1 Vxfk d ghfuhdvh lq wudqvdfwlrq frvwv zrxog
lqgxfh pruh upv wr jr sxeolf/ exw lw vkrxog kdyh udlvhg pdunhw0fds2JGS1
47Zh wkdqn Vfrww Vfkxk iru wklv idfw/ grfxphqwhg lq wkh Gdoodv Ihg1 Uhylhz +4<<708,1
4;Iljxuh 44= Hqwu| dqg h{lw ri sk|vlfdo fdslwdo
617 Wkh srvw04<:6 errp ri hqwudqwv dqg vpdoo upv
Glg hqwudqwv dqg vpdoo upv gr ehwwhu wkdq odujh upvB Wklv vhfwlrq dvnv zkhwkhu
hqwudqwv dqg vpdoo lqfxpehqwv glg hvshfldoo| zhoo diwhu LW0uhyroxwlrq1 Zh orrn uvw
dw wkh shuirupdqfh ri hqwudqwv/ dqg wkhq wkdw ri wkh vpdoo lqfxpehqwv  l1h1/ wkh
vpdoo0fds vwrfnv1
61714 Hqwudqwv
Wkh uhvxowv lq Wdeoh 5 uhsruw rq wkh idwh ri hqwudqwv whq |hduv diwhu wkhlu FUVS hqwu|1
Hdfk urz uhsruwv wkh shufhqwdjh ri hqwudqwv h{lwlqj e| d ghfdgh*v hqg1 Wkh uvw urz
jlyhv wkh shufhqwdjh ri hqwudqwv wkdw phujhg ru ch{fkdqjhg* dw vrph srlqw gxulqj wkh
ghfdgh1 Phujhuv dqg h{fkdqjhv kdyh ulvhq vkduso| ryhu wlph= Lq *;80*<8/ h{lwv iru
wkhvh wzr uhdvrqv zhuh 518 wlphv kljkhu wkdq wkh| kdg ehhq lq *780*88 dqg hyhq 5
wlphv kljkhu wkdq gxulqj wkh 93*v phujhu zdyh1 Vrph rog upv duh hqwhulqj wkh LW
hud e| dftxlulqj wkh vpdoo lqqrydwruv1
Wkh odvw wzr urzv ri Wdeoh 5 suhvhqw jxuhv rq jhqxlqh h{lwv iurp wkh FUVS1 D
gurs dulvhv zkhq d up vwrsv ehlqj wudghg/ xvxdoo| ehfdxvh lwv ydoxh kdv idoohq eh0
orz d fulwlfdo ohyho1 Frpelqhg zlwk oltxlgdwlrqv/ vxfk h{lwv kdyh ulvhq gudpdwlfdoo|
 e| d idfwru ri 1
4<Wdeoh 5= Dfklhyhphqwv ri hqwudqwv shu ghfdgh
ghfdgh 78088 88098 980:8 :80;8 ;80<8
Shufhqwdjh phujhg ru h{fkdqjhg 8194 ;1;7 :15: 431:; 4816:
Shufhqwdjh oltxlgdwhg 4173 41:3 3196 31:: 3157
Shufhqwdjh gursshg 3168 814: 43145 541:7 4;184
Wrwdo :16: 481:4 4;135 6615; 67145
Iljxuh 45= Shuirupdqfh ri vpdoo frpsdqlhv yv1 odujh frpsdqlhv
61715 Vpdoo lqfxpehqwv  wkh shuirupdqfh ri vpdoo0fds vwrfnv
Dvlgh iurp hqwudqwv/ wkh duulydo ri d qhz whfkqrorj| vkrxog kdyh idyruhg |rxqjhu/ dqg
jhqhudoo| vpdoohu/ upv wkdw whqg wr kdyh d qrqklhudufklfdo vwuxfwxuh/ ihzhu xqlrql}hg
ru whqxuhg zrunhuv/ dqg ihzhu rxwgdwhg pdqdjhphqw sudfwlfhv1
Iljxuh 45 sorwv wkh udwlr ri wkh Leerwvrq vpdoo fds lqgh{ wr wkh V)S 833 lqgh{1
Gxulqj wkh shulrg 4<:7 0 4<;5/ vpdoo fds vwrfnv rxwshuiruphg wkh V)S 833 e| d idfwru
ri qhduo| 71 Vlqfh wkhq/ wkh V)S 833 kdv grqh ehwwhu wkdq wkh vpdoo fdsv/ sured0
eo| ehfdxvh/ e| wkh hduo| 4<;3*v dqg wkh dgyhqw ri wkh mxqn0erqg/ lqh!flhqw odujh
upv ehjdq wr ihho vwurqjhu krvwloh0wdnhryhu suhvvxuhv/ dqg uhvsrqghg e| ehfrplqj
pruh h!flhqw1 Wkh vwurqj shuirupdqfh ri wkh vpdoo fdsv lq wkh 4<:70;5 shulrg plu0
uruv wkh vpdoo surgxfw0pdunhw shuirupdqfh ri vpdoo uhodwlyh wr odujh upv wkdw zdv
vxppdul}hg lq Iljxuh ; ri Juhhqzrrg dqg Mrydqrylf +4<<<,1 D vxppdu| ri vrph
lqirupdwlrq lq Iljxuh 45 lv lq Wdeoh 6 zlwk wkh fkdqjhv lq wkh vpdoo2odujh0fds udwlr
iru ydulrxv wlph shulrgv1
53Wdeoh 6= Vpdoo fds shuirupdqfh iru ydulrxv klvwrulfdo shulrgv
shulrg |hduv fkdqjh
LW uhyroxwlrq :70;5 lqfuhdvhg e| idfwru ri 61:
Vl{wlhv errp 89098 lqfuhdvhg e| idfwru ri 418
ZZLL 74078 lqfuhdvhg e| idfwru ri 51<
Ghsuhvvlrq 5;064 ghfuhdvhg e| idfwru ri 519
Iljxuh 46= Frqvxpswlrq lqfuhdvh
618 Hhfw ri wkh qhzv rq frqvxpswlrq
Vlqfh wkh uhdo lqwhuhvw udwh glg qrw fkdqjh pxfk gxulqj wkh vhyhqwlhv/ wkh LW k|0
srwkhvlv lpsolhv wkdw frqvxpswlrq vkrxog kdyh ulvhq zkhq wkh jrrg qhzv duulyhg1 Lq
wkh prgho frqvxpswlrq fdqqrw ulvh xqwlo gdwh A ehfdxvh wkh prgho lqfoxghv qhlwkhu
fdslwdo qru lpsruwv/ exw lq idfw frqvxpswlrq frxog dqg/ lqghhg/ glg ulvh lq wkh 4<:3*v1
Wkh X1V1 shuvrqdo vdylqjv udwh zdv dw d 630|hdu kljk lq 4<:6/ dqg kdv vlqfh ehfrph
qhjdwlyh1 X1V1 shuvrqdo frqvxpswlrq zdv dw 9418 shufhqw ri JGS lq 4<:6/ lw urvh wr
96 shufhqw lq 4<:7/ dqg lw kdv ehhq ulvlqj pruh ru ohvv vwhdglo| hyhu vlqfh1 Pruhryhu/
Sdunhu +4<<<, vkrzv wkdw frqvxpswlrq kdv ehhq ulvlqj wkh prvw dprqj wkh |rxqjhvw
frkruwv/ dqg wklv lv zkdw vkrxog kdyh kdsshqhg li wkh jrrg qhzv lqfoxghg d iruhfdvw
ri kljkhu zdjhv iru wkhp lq wkh 4<<3*v1
54Iljxuh 47= Pdunhw ydoxh ri upv uhodwlyh wr JGS
7 Lqfoxvlrq ri ghew
Dv d whvw ri wkh LW k|srwkhvlv/ lw lv ehwwhu wr frpsxwh wkh ydoxh ri d up e| dgglqj
lwv ghew wr wkh ydoxh ri lwv vkduhv/ ehfdxvh wklv lv wkh wrwdo ydoxh ri wkh fodlpv rq d
up*v surw1 Wklv fdq uhdglo| eh grqh lq wkh djjuhjdwh/ dqg Kdoo +4<<<, kdv grqh vr1
Xvlqj gdwd iurp wkh Ihghudo Uhvhuyh Erdug*v Iorz ri Ixqgv Dffrxqwv rq htxlw| dqg
ghew kh kdv vkrzq wkdw wkhvh gdwd dovr vkrz d gurs lq 4<:6 wkdw zh kdyh irfxvvhg
rq lq wklv sdshu/ dqg zh/ wrr/ vkdoo xvh wkhvh gdwd ehorz1
Iru lqglylgxdo upv/ krzhyhu/ ghew gdwd dv ghwdlohg dv wkh FUVS vwrfnv0gdwd duh
kdug wr qg1 Qhyhuwkhohvv/ zh kdyh phujhg wkh htxlw| gdwd iurp wkh FUVS zlwk
wkh ghew gdwd iurp Frpsxvwdw1 Wkh h{whqghg gdwd vhw jhqhudoo| frqup wkh uhvxowv
suhvhqwhg vr idu1 Iru h{dpsoh/ wkh htxlydohqw ri Iljxuh 4 lv Iljxuh 471 Wklv jxuh
sorwv wkh udwlr ri pdunhw ydoxh ri upv wr JGS iru erwk wkh djjuhjdwh gdwd wdnhq iurp
wkh IUEJ dqg wkh phujhg vdpsoh ri Frpsxvwdw dqg FUVS1 Dsshqgl{ D frqwdlqv
d ghwdlohg ghvfulswlrq ri wkh frqvwuxfwlrq ri wkh gdwd1 Erwk Iljxuhv 4 dqg 47 vkrz
d gurs lq ydoxh lq 4<:61 Wkh rqh lq Iljxuh 47 lv ohvv shufhqwdjh zlvh ehfdxvh ri wkh
idfw wkdw wkh errn0pdunhw ydoxh ri ghew lq 4<:6 glg qrw idoo dv pxfk dv wkh ydoxh ri
htxlw|1
55Iljxuh 48= Vhohfwlrq eldv lq Frpsxvwdw vdpsoh
Wkh olplwlqj ihdwxuh ri wkh klvwrulfdo Frpsxvwdw gdwd lv wkhlu vhyhuh vhohfwlrq
eldv1 Wr eh lq wkh Frpsxvwdw vdpsoh/ d upv kdg wr eh lq wkh vdpsoh lq wkh 4<;3*v1
Wkh gdwd wkhuhiruh plvv dq| up wkdw h{lwhg gxulqj wkh phujhu zdyh lq wkh 93*v ru
gxulqj wkh :3*v1 Xvlqj wkh Frpsxvwdw wkxv vhyhuho| olplwv wkh gdwd dydlodelolw| iru
wkh vdpsoh ri lqfxpehqwv1 Wklv vhohfwlrq eldv lv prvw hylghqw iurp wkh htxlydohqw
ri Iljxuh ;1 Wkdw lv/ Iljxuh 48 vkrzv krz olwwoh h{lw wkh Frpsxvwdw vdpsoh h{klelwv
ehiruh 4<:81Lq vslwh ri wklv vhohfwlrq eldv zh kdyh uhgrqh rxu hpslulfdo hylghqfh iru wkh
h{whqghg gdwd dqg suhvhqw wkh frpsohwh uhvxowv lq Dsshqgl{ E1 Wkrxjk wkh uhvxowv
suhvhqwhg deryh dqg wkh rqhv lq Dsshqgl{ E glhu txdqwlwdwlyho|/ wkh| gr qrw glhu
pxfk txdolwdwlyho|1



































































































































Iljxuh 49= Wrwdo ordqv dqg wkh wrwdo ydoxh ri vwrfnv 4<93 0 4<<;1
71314 Zkdw glg edqnv gr zkhq vwrfnv ihoo lq :607B
Wkh LW k|srwkhvlv vwdwhv wkdw gxulqj wkh 4<:3*v dqg hduo| 4<;3*v d odujh lqyhvwphqw
zhqw xqghwhfwhg e| wkh vwrfn0pdunhw gdwd/ rqo| wr vxuidfh lq wkh irup ri LSR*v
diwhuzdugv1 Vrph ri wkdw lqyhvwphqw suredeo| hqwdlohg xqphdvxuhg wlph lqsxwv  h1j1/
exloglqj d surwrw|sh lq d jdudjh  dv zhoo dv iruhjrqh frqvxpswlrq1 Exw vrph ri wkdw
lqyhvwphqw vkrxog dovr kdyh vkrzq lq wkh irup ri lqfuhdvhg edqn ordqv1 Wrwdo ordqv
duh pxfk vprrwkhu wkdq wkh ydoxh ri vwrfnv/ dv Iljxuh 49/ edvhg rq gdwd dqdo|}hg e|
Fudlj dqg Kdxeulfk +4<<<,/ vkrzv1 Lw dovr vkrzv d ghqlwh ulvh lq ordqv lq 4<:6/ dqg
wkh fruuhodwlrq frh!flhqw ehwzhhq wkh ghwuhqghg vhulhv lv 0315<1
8 Rwkhu h{sodqdwlrqv
Wkh LW k|srwkhvlv pdqdjhv wr h{sodlq dqg olqn wkh iroorzlqj irxu idfwv=
41 Wkh ghfolqh dqg vxevhtxhqw ulvh ri pdunhw0fds2JGS/
51 Wkh grplqdqw uroh ri hqwudqwv lq wkh srvw *;8 pdunhw errp1
61 Wkh phujhu zdyh ri wkh hljkwlhv/ dqg
71 Wkh frqvxpswlrq errp wkdw vwduwhg lq wkh 4<:3*v1
Zkdw derxw wkh rwkhu srvvleoh h{sodqdwlrqvB
57814 Rlo vkrfnvB
Wkh rlo0sulfh lqfuhdvhv ri Rfwrehu0Ghfhpehu ri 4<:6  wkh uvw rlo vkrfn  xvxdoo|
jhw eodphg iru vrph sduw ri wkh surgxfwlylw| vorzgrzq ri wkh 4<:3*v1 Rqh dujx0
phqw vd|v wkdw wklv vkrfn/ uhlqirufhg shukdsv e| d uhdfwlrq e| wkh Ihg lq vhwwlqj lwv
prqhwdu| srolf|/ orzhuhg h{shfwhg surwv iru X1V1 upv dqg/ dv vxfk/ ghsuhvvhg wkh
vwrfn pdunhw1 Wkh dwwudfwlyh wklqj derxw wklv h{sodqdwlrq lv wkdw rlo sulfhv ehkdyhg
wkh vdph zd| hyhu|zkhuh/ dqg wkhuhiruh wkhlu ehkdylru pd|/ shukdsv/ h{sodlq wkh
xqlyhuvdoo| edg shuirupdqfh ri vwrfn pdunhwv lq wkh 4<:3*v dqg hduo| 4<;3*v1 Exw/
prqhwdu| srolflhv glhuhg e| frxqwu|/ dqg vr wklv uhlqirufhphqw/ zklfk pd| kdyh
kduphg vwrfn sulfhv lq wkh X1V1/ glg qrw h{lvw hovhzkhuh1 Wkhuhiruh/ li zh duh wr
h{sodlq wkh froodsvh lq wkh zruog*v vwrfn pdunhwv/ zh duh ohiw zlwk wkh rlo0vkrfn e|
lwvhoi1
Wkuhh sureohpv sodjxh wkh rlo0vkrfn h{sodqdwlrq1 Iluvw/ wkh odujh 4<:< vkrfn kdg
qr lpsdfw dw doo rq wkh yduldeohv sorwwhg lq wkh uvw wzr jxuhv1 Vhfrqg/ rlo zdv wrr
vpdoo d iudfwlrq ri frvwv wr kdyh pxfk hhfw rq glylghqgv1 Zklfk upv orvw wkh prvw
ydoxh lq 4<:607B Zhuh wkhvh upv dw ulvn ri ehlqj dhfwhg e| LW/ lq zklfk fdvh zh
vkrxog qg wkhp lq vhfwruv wkdw odwhu zrxog lqyhvw d orw lq LWBR uz h u hw k h | u p v
wkdw xvhg surgxfwlrq surfhvvhv wkdw uholhg khdylo| rq rlo/ dqg wkdw zrxog wkhuhiruh eh
klw kdughvw e| wkh rlo sulfh0ulvhv ri 4<:607B Zh uxq d vwdwlvwlfdo kruvh udfh lq zklfk
LW zlqv kdqgv grzq1
Wkh ghshqghqw yduldeoh lq wkh uhjuhvvlrqv lq Wdeoh 7 lv wkh shufhqwdjh gurs lq
wkh pdunhw fdslwdol}dwlrq ri vhfwru  lq wkh 4<:504<:7 shulrg/ dqg lw frphv iurp wkh
FUVS1 Wkxv d srvlwlyh ydoxh lv d gurs/ d qhjdwlyh ydoxh d ulvh1 Wkh uhjuhvvruv vkrxog
phdvxuh wkh uhohydqfh ri LW dqg wkh uhohydqfh ri rlo sulfhv1 Wkh uvw uhjuhvvru lv wkh
orjdulwkp ri wkh vkduh ri frpsxwhu dqg uhodwhg htxlsphqw lq wkh 4<<9 uhdo htxlsphqw
fdslwdo vwrfn ri vhfwru / lq 4<<5 grooduv/ dqg lw frphv iurp wkh EHD*v wdqjleoh zhdowk
wdeoh1 Lw phdvxuhv krz lpsruwdqw LW zdv lq wkh vxevhtxhqw lqyhvwphqw lq vhfwru /
dqg rxu prgho vd|v wkdw lwv frh!flhqw vkrxog eh srvlwlyh/ ehfdxvh vhfwruv zlwk d orw ri
lqyhvwphqw0h{srvxuh wr LW vkrxog kdyh ehhq wkh kdughvw klw e| wkh qhz whfkqrorj|1
Wkh vhfrqg uhjuhvvru lv hvvhqwldoo| wkh 580|hdu vxuylydo udwh ri wkh 4<:5 lqfxpehqwv*
fdslwdo dqg dujxdeo| sur{lhv iru uhvlvwdqfh wr fkdqjh lq wkdw vhfwru> wklv yduldeoh lv
wkh orjdulwkp ri wkh 4<<9 vkduh ri wkh 4<:5 lqfxpehqwv lq wkh pdunhw fdslwdol}dwlrq ri
vhfwru / dqg lw/ wrr/ frphv iurp wkh FUVS1 Rxu prgho vd|v wkdw lwv frh!flhqw vkrxog
eh qhjdwlyh= Vhfwruv lq zklfk ydoxh idoov prvw vkrxog eh rqhv lq zklfk/ hqwudqwv dgg
wkh prvw ydoxh odwhu rq1 Wkh irxuwk uhjuhvvru lv wkh orj ri wkh 4<:5 vkduh ri rlo lq
wkh surgxfwlrq frvwv ri vhfwru   grooduv vshqw +gluhfwo| dqg lqgluhfwo|/ l1h1/ wkurxjk
lqsxwv iurp rwkhu vhfwruv, rq fuxgh shwurohxp dqg qdwxudo jdv shu 433 grooduv ri
wkh rxwsxw surgxfhg1 Wkhvh gdwd frph iurp wkh 4<:5 lqsxw0rxwsxw wdeohv1 Rxu
vhfwruv gr qrw frpsohwho| fruuhvsrqg wr wkh rqhv lq wkh lqsxw rxwsxw wdeoh/ vr zh
kdyh pdwfkhg wkhp dv zhoo dv zh frxog1 Ilqdoo|/ li e| vrph fkdqfh wkh LW0lqwhqvlyh
vhfwruv zhuh klw kdughu wkdq rwkhuv e| wkh uhfhvvlrq ri c:60c:7/ wkh rxwfrph frxog
58Wdeoh 7= Uhjuhvvlrq uhvxowv
ghshqghqw yduldeoh= c:50c:7 shufhqwdjh gurs lq pdunhw fdslwdol}dwlrq +? 'D 2 ,
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Wdeoh 8= Fruuhodwlrq pdwul{
45678
4 c:50c:7 shufhqwdjh gurs lq pdunhw fds1 41333 31686 0315<< 031348 031567
5 orjdulwkp ri c<9 LW htxlsphqw fdslwdo vkduh 31686 41333 031379 3153< 031655
6 orjdulwkp ri c<; vkduh ri c:5 lqfxpehqwv 0315<< 031379 41333 03176: 31483
7 c:60c:7 jurzwk udwh ri rxwsxw 031348 3153< 03176: 41333 0317;6
8 orjdulwkp ri 4<:5 rlo vkduh 031567 031655 31483 0317;6 41333
eh gxh wr wkh uhfhvvlrq dqg qrw wr LW1 Wr kdqgoh wklv srvvlelolw| zh lqfoxgh dv d
uhjuhvvru wkh c:60c:7 wkh jurzwk udwh ri uhdo rxwsxw ri wkh vhfwru1 Pruhryhu/ gxudeoh
jrrgv duh pruh f|folfdo wkdq rwkhuv/ dqg vr wr frqwuro iru wklv frqfhuq/ zh lqfoxgh
wkh gxpp| yduldeoh zklfk lv rqh iru gxudeoh jrrgv surgxflqj vhfwruv +Frqvwuxfwlrq/
Ixuqlwxuh/ Lqgxvwuldo pdfklqhu|/ Hohfwurqlf dqg hohfwulf htxlsphqw/ Prwru yhklfohv/
Wudqvsruwdwlrq htxlsphqw/ Lqvwuxphqwv,1
Wkh uhjuhvvlrqv lq Wdeoh 7 vkrz wkdw rlo glg qrw fdxvh wkh vwrfn pdunhw gurs lq
4<:604<:7/ dqg wkh| idyru wkh LW0lqwhusuhwdwlrq  erwk ri wkh LW yduldeohv duh ri wkh
fruuhfw vljq dqg wkh| glhu vljqlfdqwo| iurp }hur1 Wkh frh!flhqw dvvrfldwhg zlwk
rlo lv qrw vljqlfdqw dqg/ lq idfw/ kdv wkh rssrvlwh vljq iurp zkdw rqh zrxog kdyh
h{shfwhg1 Wkdw lv/ wkh vhfwruv wkdw zhuh wkh ohdvw hqhuj| lqwhqvlyh gursshg wkh prvw
lq ydoxh1 Wkh lqfoxvlrq ri wkh gxudeoh jrrgv gxpp| grhvq*w fkdqjh wkh frqfoxvlrq1
Wdeoh 8 olvwv wkh furvv fruuhodwlrqv ehwzhhq wkh uhjuhvvdqg dqg uhjuhvvruv wkdw zh
frqvlghuhg1 Rxu prgho zrxog suhglfw d kljkhu fruuhodwlrq ehwzhhq wkh h{ srvw LW
lqwhqvlw| ri wkh lqgxvwulhv dqg wkhlu lqfxpehqw vkduhv1 Wkh gdwd/ krzhyhu/ vxjjhvw
wkdw wklv fruuhodwlrq lv forvh wr }hur/ ffeS wr eh suhflvh1 Wklv lv suredeo| gxh wr
wkh idfw wkdw wkh lqfxpehqw yduldeoh grhv qrw rqo| sur{| iru wkh ghjuhh ri uhvlvwdqfh
59Iljxuh 4:= Glylghqgv dv d iudfwlrq ri JGS
exw dovr iru wkh ghjuhh ri ghuhjxodwlrq lq wkh ydulrxv vhfwruv1 Wkdw lv/ vhfwruv wkdw
duh ghuhjxodwhg jhqhudoo| vhh d orw ri hqwu| ri qhz upv1 Wkh prvw qrwdeoh h{dpsoh
ri wklv lv Vsulqw dqg PFL*v wkuhdw wr DW)W*v whohfrppxqlfdwlrqv prqrsro|1
Wkh wklug uhdvrq zk| rlo sulfhv fdqqrw h{sodlq wkh wlph sdwk ri wkh vwrfn pdunhw lv
wkdw d ulvh lq rlo sulfhv vkrxog kdyh orzhuhg fxuuhqw surwv pruh wkdq ixwxuh surwv/
ehfdxvh ri wkh juhdwhu hdvh ri qglqj vxevwlwxwhv iru rlo rq wkh orqj uxq/ shukdsv
fxuuhqw rxwsxw pruh wkdq ixwxuh rxwsxw dqg/ wkhuhiruh/ vkrxog kdyh surgxfhg d ulvh
lq wkh udwlr ri pdunhw fdslwdol}dwlrq wr JGS/ qrw d idoo1 Pruhryhu/ wklv vfhqdulr
grhv qrw vxjjhvw dq| hqwu| lq wkh vwrfn pdunhw/ dqg vr/ lw lpsolhv wkdw wkh vkduh ri
wkh lqfxpehqw upv lv frqvwdqw dw 1 Khqfh lw dovr fdqqrw h{sodlq wkh hqwu|0gulyhq
lqfuhdvh lq pdunhw ydoxh uhodwlyh wr JGS wkdw zh kdyh revhuyhg lq wkh odwh ;3*v dqg
<3*v1
Grhv wklv frqfoxvlrq klqjh rq rxu dvvxpswlrq wkdw glylghqgv duh d frqvwdqw iudf0
wlrq ri rxwsxwB Wklv lv d srwhqwldo frqfhuq ehfdxvh/ dv jxuh 4: vkrzv/ wkh uvw rlo
vkrfn zdv iroorzhg e| d gurs lq glylghqgv uhodwlyh wr rxwsxw1
Exw wklv gurs zdv durxqg 53 shufhqw rqo|/ qrw odujh hqrxjk wr surgxfh wkh uhtxluhg
ulvh lq pdunhw0fds2glylghqgv1 Lq Iljxuh 4; zh sorw wklv udwlr/ dqg lw/ wrr idoov lq 4<:6
lqvwhdg ri ulvlqj dv rqh zrxog kdyh h{shfwhg1 Ilqdoo|/ wkh rlo vkrfn vwru| dovr fdqqrw
h{sodlq zk| hqwudqwv zhuh vr lpsruwdqw lq wkh vxevhtxhqw pdunhw ulvh1 Zh frqfoxgh
wkdw/ zkdwhyhu uroh wkh rlo vkrfn pd| kdyh sod|hg lq jhqhudwlqj wkh surgxfwlylw|
vorzgrzq ri wkh *:3*v/ lw grhv qrw khos h{sodlq wkh ehkdylru ri wkh vwrfn pdunhw1
5:Iljxuh 4;= Pdunhw fdslwdol}dwlrq ryhu glylghqg sd|phqwv
815 H{kdxvwlrq ri Rog WhfkqrorjlhvB
D vlplodu dujxphqw lv wkdw/ lq 4<:6/ qhzv duulyhg wkdw zdv edg iru h{lvwlqj whfkqror0
jlhv/ l1h1/ wkdw wkh rog whfkqrorjlhv kdg sod|hg wkhpvhoyhv rxw1 ]hlud +4<<<, rhuv d
prgho lq zklfk vxfk qhzv duulyhv vxgghqo|= Rog whfkqrorjlhv kdyh d pd{lpxp srwhq0
wldo/ exw zh grq*w nqrz zkdw wkh pd{lpxp lv> rqfh zh klw wklv fhlolqj/ krzhyhu/ zh
vxgghqo| uhdol}h wkdw qr ixuwkhu jurzwk lv srvvleoh/ dqg wklv fdxvhv wkh whfkqrorj|*v
suhvhqw ydoxh wr fudvk1 Lq rwkhu zrugv/ lq ]hlud*v prgho/ d fudvk rffxuv zkhq rxwsxw
dqg glylghqgv vwrs lqfuhdvlqj1 Lq sduwlfxodu/ vwrfn sulfhv idoo uhodwlyh wr rxwsxw/ mxvw
dv Iljxuh 4 vd|v wkh| glg1 Vlploduo|/ Mrydqrylf dqg Ure +4<<3, dujxh wkdw wkh hfrq0
rp| grhv zhoo zkhq wkh whfkqrorjlhv lq fxuuhqw xvh duh zrunlqj rxw zhoo dqg wkdw zh
gluhfw rxu hruwv wrzdugv ghyhorslqj qhz whfkqrorjlhv rqo| zkhq zh jhw edg qhzv
derxw wkh lqfxpehqw rqhv1
Wklv olqh ri dujxphqw idfhv wzr sureohpv/ erwk txdqwlwdwlyh lq qdwxuh1 Iluvw/
wkh vkhhu qxpehu dqg ydulhw| ri whfkqrorjlhv lq xvh pdnh lw txlwh xqolnho| wkdw wkh|
zrxog doo h{sluh dw wkh vdph wlph1 Dqg/ vhfrqg/ dv dq| whfkqrorj| jhwv roghu/ zh
jhw wr nqrz lw ehwwhu1 Wkh pruh zh xvh lw dqg uhqh lw/ wkh vpdoohu lv wkh srwhqwldo
vxusulvh148 Lw lv qhz/ xqwulhg whfkqrorjlhv wkdw krog wkh elj vxusulvhv1
48Lq ]hlud*v prgho/ wkh jurzwk0hsrfk lv h{srqhqwldoo| glvwulexwhg/ dqg wkh suredelolw| glvwulexwlrq
ri wkh uhvlgxdo olihwlph ri jurzwk vwd|v frqvwdqw dv wkh whfkqrorj| djhv1 Ehfdxvh ri wklv/ qhzv ri wkh
ghplvh ri jurzwk lv dozd|v d qdvw| vxusulvh/ qr pdwwhu krz rog wkh whfkqrorj| wkdw jhqhudwhv wkh
jurzwk1 Lq Mrydqrylf dqg Ure*v prgho/ uhvlgxdo xqfhuwdlqw| vkulqnv dv wkh whfkqrorj| djhv/ exw /
wkhq/ vr grhv wkh srwhqwldo vxusulvh1
5;816 Lqfuhdvhg yrodwlolw|B
Slqg|fn +4<;7, frqvlghuv Pdonlho*v vxjjhvwlrq wkdw wkh ghfolqh ri wkh 4<:3*v uh hfwhg
wkh uhvsrqvh ri ulvn0dyhuvh lqyhvwruv wr d vhfxodu ulvh lq wkh yrodwlolw| ri vwrfn uhwxuqv
dqg lq wkh xqfhuwdlqw| lq wkh exvlqhvv hqylurqphqw1 Exw diwhu ulvlqj lq wkh 4<:3*v/
wkh yrodwlolw| ri vwrfn uhwxuqv kdv qrw uhyhuwhg wr lwv suh04<:3 ohyho/ |hw vwrfn sulfhv
erxqfhg edfn diwhu 4<;81 Dqg mxgjlqj/ dw ohdvw/ e| wkh kljkhu wxuqryhu ri ydoxhv lq
wkh FUVS/ wkh exvlqhvv hqylurqphqw lv ulvnlhu wkdq hyhu1 Pruhryhu/ wkh yhu| vwrfnv
wkdw duh qrz vr kljko| ydoxhg duh dovr h{wuhpho| ulvn|1 Wklv k|srwkhvlv grhv qrw/
wkhuhiruh/ vhhp wr eh d vhulrxv frqwhqghu iru h{sodlqlqj wkh eurdghu slfwxuh/ xqohvv
rqh wdnhv vhulrxvo| wkh Shvr Sureohp lghd wkdw lqyhvwruv frqvlghuhg dq hfrqrplf
fdwdvwurskh +wkh olnhv ri zklfk duh qrw lqfoxghg lq wkh wlph vhulhv, pruh olnho| gxulqj
wkh 4<:3*v149
817 QrqixqgdphqwdovB
Lv wkh vwrfn pdunhw exeeoh0surqhB Glg d srvlwlyh exeeoh exuvw/ ru d qhjdwlyh rqh
irup vrphwlph ehwzhhq 4<9; dqg 4<:7B Dqg wrgd|/ gr zh vhh d srvlwlyh exeeoh/ hv0
shfldoo| lq wkh lqwhuqhw vwrfnvB Rqh fdq/ shukdsv/ glvplvv h{sodqdwlrqv olnh fud}hv/
pdqldv/ hwf1 wkdw lqyrnh lqyhvwru luudwlrqdolw|/ exw wklv vwloo ohdyhv d fodvv ri prghov
lq zklfk udwlrqdo exeeohv fdq irup1
Wkhru| vd|v wkdw wr kdyh vxqvsrw htxloleuld lq zklfk wkh sulfhv ri dvvhwv  xfwxdwh
lqghshqghqwo| ri ixqgdphqwdov/ zh qhhg qlwh krul}rqv/ ru khwhurjhqhrxv eholhiv1
Wkhvh frqglwlrqv vhhp uhdvrqdeoh hqrxjk/ dqg rqh fhuwdlqo| frxog qrw/ rkdqg/ uxoh
rxw wkh srvvlelolw| wkdw wkh vwru| ri wkh odujh srvw0zdu vzlqjv lq wkh vwrfn pdunhw lv
odujho| rqh ri exeeohv1 Wr eh dw doo frqylqfhg/ krzhyhu/ zh zrxog dovr qhhg wr eh
wrog zk| wkh exeeohv vlpxowdqhrxvo| exuvw dqg wkhq/ odwhu/ vlpxowdqhrxvo| iruphg lq
ydulrxv vwrfn pdunhwv durxqg wkh zruog/ exw ohw*v vxssrvh wkdw d uhvshfwdeoh dujxphqw
iru wklv/ wrr/ fdq eh irxqg1 Zkdw zrxog wklv whoo xv derxw zk| wkh vzlqjv lq wkh vwrfn
pdunhw wrrn sodfhB H{dfwo| qrwklqj/ ri frxuvh/ vlqfh vzlwfkhv dprqj htxloleulxp
srlqwv kdyh qr hfrqrplf h{sodqdwlrq14:
9 Frqfoxvlrq
Zh kdyh dujxhg wkdw djjuhjdwh ydoxdwlrq fdq idoo ehorz wkh suhvhqw ydoxh ri glylghqgv
ehfdxvh fdslwdo pd| glvdsshdu uljkw diwhu d pdmru whfkqrorjlfdo vkliw ehfdxvh wklv
49Slqg|fn dovr glvfxvvhv wkh Ihogvwhlq0Vxpphuv vxjjhvwlrq wkdw wkh kljk lq dwlrq ri wkh c:3*v
uhgxfhg wkh ydoxh ri upv ehfdxvh lw uhgxfhg wkh uhdo ydoxh ri wkhlu ghsuhfldwlrq zulwh0rv/ dqg
Prgljoldql*v vxjjhvwlrq wkdw/ lq wkh *:3*v/ lq dwlrqdu| h{shfwdwlrqv irxqg wkhlu zd| lqwr qrplqdo
lqwhuhvw udwhv exw/ vrphkrz/ qrw lqwr ixwxuh glylghqgv1
4:Vrph vxqvsrw htxloleuld duh qrw mxpsv dprqj htxloleulxp srlqwv/ exw wkh mxpsv wkdw wkh|
glvsod| vwloo olh eh|rqg wkh judvs ri hfrqrplf vflhqfh1
5<lv zkhq qhz fdslwdo irupv lq vpdoo/ sulydwh frpsdqlhv1 Odwhu/ wkhvh frpsdqlhv duh
LSR*g/ dqg wkhlu ydoxh wkhq ehfrphv d sduw ri vwrfn0pdunhw fdslwdol}dwlrq1
Wr sxw lw dqrwkhu zd|/ wkh ylqwdjh fdslwdo prgho whdfkhv xv wkdw whfkqrorjlfdo
fkdqjh ghvwur|v rog fdslwdo1 Zh jr d vwhs ixuwkhu dqg dujxh wkdw pdmru whfkqrorjlfdo
fkdqjh  olnh wkh LW uhyroxwlrq  ghvwur|v rog upv1 Lw grhv vr e| pdnlqj zrunhuv
dqg pdqdjhuv revrohwh1 Surgxfw0pdunhw hqwu| ri qhz upv dqg qhz fdslwdo wdnhv
wlph/ dqg wkhlu vwrfn pdunhw hqwu| wdnhv hyhq orqjhu1 Lq wkh phdqwlph/ wkh vwrfn
pdunhw ghfolqhv1
Duelwudjh rssruwxqlwlhv dulvh lq wkh prgho rqo| iru dq djhqw zkr kdv dgydqfh
lqirupdwlrq1 Iru lqvwdqfh/ li dq djhqw zhuh wr jhw wkh qhzv derxw wkh LW vkrfn
ehiruh dq|rqh hovh/ kh frxog pdnh prqh| e| vhoolqj wkh lqfxpehqw upv vkruw1 Ru/
li kh frxog lghqwli| wkh vxffhvvixo hqwudqwv dw gdwh A ehiruh dq|rqh hovh glg/ kh frxog
dftxluh d vwdnh lq wkhp/ dqg pdnh prqh| dw wkh LSR vwdjh1 Lq idfw/ pdq| shrsoh pxvw
kdyh pdgh prqh| lq suhflvho| wklv zd|1 Pruhryhu/ wkurxjk dssduhqw jrrg iruwxqh/
vwrfnkroghuv kdyh grqh yhu| zhoo vlqfh wkh plg c;3*v  wkh jurzwk ri LSR ydoxhv lv
rqo| d sduw ri wkh uhdvrq zk| wkh vwrfn pdunhw kdv grqh vr zhoo lq wkh odvw 48 |hduv>
diwhu wkhlu LSR*v wkhvh upv kdyh grqh ehwwhu wkdq h{shfwhg1
Zkdw ri wkh h{fhvv yrodwlolw| sx}}ohB Wkh sdshu kdv xvhg d frpsrvlwlrqdo dujx0
phqw wr h{sodlq vrph h{fhvv yrodwlolw| lq wkh djjuhjdwh  pruh vshflfdoo|/ rffdvlrqdo
xqghuydoxdwlrq ri wkh djjuhjdwh glylghqg vwuhdp ehfdxvh ri vkliwv lq wkh frpsrvlwlrq
ri wudghg upv1 Rq wkh rwkhu kdqg/ lqglylgxdo vwrfnv h{klelw qr djjuhjdwh yrodwlolw|1
D ixuwkhu whvw ri rxu prgho/ wkhq/ zrxog eh wr vhh li h{fhvv yrodwlolw| lq wkh djjuhjdwh
h{fhhgv dq| h{fhvv yrodwlolw| wkdw pd| h{lvw lq d uhsuhvhqwdwlyh vhfxulw|1
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^44` Juhhqzrrg/ Mhuhp|/ dqg Er|dq Mrydqrylf1 Wkh Lqirupdwlrq0Whfkqrorj| Uhy0
roxwlrq dqg wkh Vwrfn Pdunhw1 Dphulfdq Hfrqrplf Dvvrfldwlrq +Sdshuv dqg
Surfhhglqjv, ;</ qr1 5 +Pd| 4<<<,= 449 0 4551
^45` Jruw/ Plfkdho1 Dq Hfrqrplf Glvwxuedqfh Wkhru| ri Phujhuv1 Txduwhuo| Mrxu0
q d or iH f r q r p l f v+Qryhpehu 4<9<,= 957 0 9751
^46` Jurvvpdq/ Vdqirug dqg Rolyhu Kduw1 Wkh Doorfdwlrqdo Uroh ri Wdnhryhu Elgv lq
Vlwxdwlrqv ri Dv|pphwulf Lqirupdwlrq1 Mrxuqdo ri Ilqdqfh 69+5, +Pd| 4<;4,=
586 0 :31
^47` Kdoo/ Urehuw1 Wkh Vwrfn Pdunhw dqg Fdslwdo Dffxpxodwlrq1 QEHU ZS &:4;3/
Mxqh 4<<<1
^48` Kdowlzdqjhu/ Mrkq/ dqg Vfrww Vfkxk1 Jurvv Mre Iorzv ehwzhhq Sodqwv dqg Lq0
gxvwulhv1 Qhz Hqjodqg Hfrqrplf Uhylhz +Pdufk2Dsulo 4<<<,= 74 0 971
^49` Khospdq/ Hokdqdq/ dqg Pdqxho Wudmwhqehuj1 D Wlph wr Vhz dqg d Wlph wr
Uhds= Jurzwk Edvhg rq Jhqhudo Sxusrvh Whfkqrorjlhv1 lq Jhqhudo Sxusrvh
Whfkqrorjlhv dqg Hfrqrplf Jurzwk/H 1K h o s p d qh g 1 /P LW Suhvv/ 4<<;/ 88 0;71
^4:` Krophv/ Wkrpdv/ dqg Mdphv Vfkplw}1 D Wkhru| ri Hqwuhsuhqhxuvkls dqg lwv
Dssolfdwlrq wr wkh Vwxg| ri Exvlqhvv Wudqvihuv1 Mrxuqdo ri Srolwlfdo Hfrqrp|
<;/ qr1 5 +Dsulo 4<<3,= 598 0 5<71
^4;` Leerwvrq/ Urjhu/ Mrg| Vlqghodu/ dqg Md| Ulwwhu1 Lqlwldo Sxeolf Rhulqjv1 Mrxu0
qdo ri Dssolhg Frusrudwh Ilqdqfh +Vsulqj 4<<7,
^4<` Leerwvrq/ Urjhu hw do1 Vwrfnv/ Erqgv/ Eloov/ dqg Lq dwlrq/ 4<<: \hduerrn1
Fklfdjr/ 4<<:1
^53` Mdfnvrq/ Wlp1 Lqvlgh Lqwho1 Qhz \run= Gxwwrq 4<<:1
64^54` Mrydqrylf/ Er|dq/ dqg Udidho Ure1 Orqj Zdyhv dqg Vkruw Zdyhv= Jurzwk
wkurxjk Lqwhqvlyh dqg H{whqvlyh Vhdufk1 Hfrqrphwulfd 8;/ qr1 9 +Qryhpehu
4<<3,= 46<4 0 473<1
^55` Oxfdv/ Urehuw H1/ Mu1 Dvvhw Sulfhv lq dq H{fkdqjh Hfrqrp|1 Hfrqrphwulfd 79/
qr1 9 +Qryhpehu 4<:;,= 475< 0 47781
^56` Olfkwhqehuj/ Iudqn/ dqg Grqdog Vlhjho1 Wkh Hhfw ri Ohyhudjhg Ex|rxwv rq
Surgxfwlylw| dqg Uhodwhg Dvshfwv ri Ilup Ehkdylru/ Mrxuqdo ri Ilqdqfldo Hfr0
qrplfv 59 +4<<3,= 498 0 4<7/ uhsulqwhg lq Olfkwhqehuj/ Frusrudwh Wdnhryhuv dqg
Surgxfwlylw| Fdpeulgjh= PLW Suhvv/ 4<<51
^57` Phkud/ Udmqlvk/ Rq wkh Yrodwlolw| ri Vwrfn Sulfhv= Dq H{huflvh lq Txdqwlwdwlyh
Wkhru|/ Lqwhuqdwlrqdo Mrxuqdo ri V|vwhpv Vflhqfh 5</ qr1 44 +4<<;,= 4536 0
45441
^58` Sdunhu/ Mrqdwkdq1 Vshqgwkuliw lq DphulfdB Rq Wzr Ghfdghv ri Ghfolqh lq wkh
X1V1 Vdylqj Udwh1 QEHU ZS & Z:56;/ Mxo| 4<<<1
^59` Slqg|fn/ Urehuw1 Ulvn/ Lq dwlrq/ dqg wkh Vwrfn Pdunhw/ Dphulfdq Hfrqrplf
Uhylhz :7/ qr1 61 +Mxqh 4<;7,= 668 0 6841
^5:` Udph|/ Ydohulh/ dqg Pdww Vkdslur1 Fdslwdo Fkxuqlqj1 Mxo| 4<<;1
	yudph|Czhehu1xfvg1hgx:
^5;` Wdnll/ Ndwvx|d1 Suhglfwlrq Delolw| dqg Lqyhvwphqw xqghu Xqfhuwdlqw|1 Xqlyhu0
vlw| ri Shqqv|oydqld/ Mxqh 4<<<1 	nwdnllCvvf1xshqq1hgx:
^5<` Xhgd/ Pdvdnr1 H{shuwlvh dqg Ilqdqfh= Phujhuv Prwlydwhg e| Whfkqrorjlfdo
Fkdqjh Ilqdqfh dqg Edqnlqj Glvfxvvlrq Sdshu 68/ Xqlyhuvlwdw Srpshx Ideud/
Ghfhpehu 4<<:1 	kwws=22zzz1hfrq1xsi1hv2xhgd:
^63` ]hlud/ Mrvhsk1 Lqirupdwlrqdo Ryhuvkrrwlqj/ Errpv/ dqg Fudvkhv1 Mrxuqdo ri
Prqhwdu| Hfrqrplfv 76/ qr1 4 +Iheuxdu| 4<<<,= 56: 0 58;1
65D Gdwd Dsshqgl{
D14 Gdwd vrxufhv dqg frqvwuxfwlrq
 Iljxuh 4= Wrwdo ydoxh ri vkduhv wdnhq iurp wkh Iorz ri Ixqgv Dffrxqwv/ sxe0
olvkhg e| wkh IUEJ1 Lvvxhv dw Pdunhw Ydoxh/ wdeoh O15461
 Iljxuh 4= FUVS/ Wrwdo pdunhw fdslwdol}dwlrq ri doo vhfxulwlhv frqwdlqhg lq wkh
FUVS gdwdvhw1 Doo pdunhw fdslwdol}dwlrq gdwd duh hqg ri |hdu/ Ghfhpehu 64/
pdunhw fdslwdol}dwlrqv1
 Iljxuh 6= Uhdo lqyhvwphqw lq Lqirupdwlrq Surfhvvlqj Htxlsphqw dqg Vriwzduh
dv d shufhqwdjh ri uhdo lqyhvwphqw lq Qrquhvlghqwldo Htxlsphqw dqg Vriwzduh1
Erwk duh phdvxuhg lq 4<<5 grooduv1 Vrxufh= QLSD *<< uhylvlrq1
 Iljxuh 8= \hdu ri hqwu| ri upv lq FUVS lv edvhg rq wkh uvw hqwu| gdwh ri d
vhfxulw| zlwk wkh upv shupdqhqw frpsdq| qxpehu +shupfr,1
 Iljxuh 8= Wkh FUVS grhv qrw frqwdlq gdwd rq wkh phujhu sduwqhuv ri doo upv
wkdw h{lw gxh wr phujhuv iurp wkh gdwdvhw1 Wr eh vshflf/ FUVS frqwdlqv 649;
upv wkdw h{lw gxh wr h{fkdqjhv ru phujhuv/ iru zklfk wkhlu phujhu sduwqhuv duh
xqdffrxqwhg iru1 Iru 43:8 ri wkhvh upv zh kdyh irxqg wkhlu phujhu sduwqhu/
zklfk lv sduw ri wkh FUVS/ lq ydulrxv hglwlrqv ri wkh Vhpl Dqqxdo Vwrfn Uhsruwv1
Wkh rwkhu 53<6 upv hlwkhu phujhg zlwk sduwqhuv wkdw zhuh qrw lq wkh FUVS
ru zhuh qrw wudfwdeoh1
 Iljxuh := Wkh VLF frghv duh vwloo edvhg rq wkh rog/ suh *<:/ Vwdqgdug Lqgxvwu|
Fodvvlfdwlrq1
 Iljxuh ;= Ilupv wkdw hqwhu dv wkh uhvxow ri d phujhu ehwzhhq wzr rwkhu upv
duh qrw frxqwhg dv hqwudqwv1
 Iljxuh 45= Wkh Leerwvrq Vpdoo Frpsdq| Vwrfnv Lqgh{ lv edvhg rq iwk fdsl0
wdol}dwlrq txlqwloh ri vwrfnv rq wkh Q\VH iru wkh shulrg 4<5904<;4/ dqg rq wkh
shuirupdqfh ri wkh Glphqvlrqdo Ixqg Dgylvruv +GID, Vpdoo Frpsdq| Ixqg
iru 4<;50suhvhqw1
 Iljxuh 47= Wkh pdunhw ydoxh ri upv lv iru wkh Iorz ri Ixqgv Dffrxqwv lv
fdofxodwhg dv wkh vxp ri pdunhw ydoxh ri doo vkduhv dqg wkh ghew ri wkh qrq0
qdqfldo frusrudwh vhfwru/ wkh qdqfldo vhfwru/ dqg wkh *uhvw ri wkh zruog*1 Wkh
odwwhu duh X1V1 vxevlgldulhv ri iruhljq rzqhg upv1 Wkh phujhg vdpsoh ri FUVS
dqg Frpsxvwdw frqwdlqv 494:7 upv1 Wkhlu pdunhw ydoxh lv fdofxodwhg dv wkh
vxp ri wkhlu pdunhw fdslwdol}dwlrq/ phdvxuhg lq wkh FUVS/ dqg wkhlu orqj whup
ghew/ gdwd lwhp < lq Frpsxvwdw1 Xqiruwxqdwho|/ Frpsxvwdw*v klvwrulfdo gdwd rq
suhihuuhg vwrfnv zhuh kljko| lqfrpsohwh/ ehfdxvh ri zklfk zh ghflghg wr ljqruh
wkhp lq rxu fdofxodwlrqv1
66 Iljxuhv 4: dqg 4;= Wrwdo glylghqg sd|phqwv duh wdnhq iurp wkh Iorz ri Ixqgv
dffrxqwv1
 Furvv vhfwrudo uhjuhvvlrqv= Edvhg rq wzr dqg vrph wkuhh gljlw VLF lqgxvwulhv1
Gdwd rq ydoxh gurs dqg lqfxpehqw vkduh frqvwuxfwhg iurp wkh FUVS1 Uhdo
rxwsxw jurzwk lv rewdlqhg e| frpelqlqj qrplqdo rxwsxw gdwd iurp wkh Jurvv
Surgxfw Ruljlqdwlqj wdeohv sxeolvkhg e| wkh EHD zlwk rxwsxw sulfh lqglfhv
sxeolvkhg e| wkh EOV1
67Iljxuh 4<= Wkh idwh ri wkh 4<:5 lqfxpehqwv uhylvlwhg
E Uhvxowv lqfoxglqj ghew
Dv phqwlrqhg lq Vhfwlrq 7/ zh kdyh dovr frqvwuxfwhg rxu hpslulfdo hylghqfh xvlqj erwk
gdwd rq ghew dqg htxlw| e| phujlqj gdwd iurp Frpsxvwdw dqg FUVS1 Lq wklv dsshqgl{
zh eulh | olvw doo wkhvh uhvxowv1 Dv h{sodlqhg lq Vhfwlrq 7/ wkh uhvxowv rewdlqhg xvlqj
up ohyho gdwd vkrxog eh lqwhusuhwhg zlwk wkh qhfhvvdu| fdxwlrq ehfdxvh wkh vdpsoh
vxhuv iurp vhyhuh vhohfwlrq eldv1
Iljxuh 8= Wkh htxlydohqw ri Iljxuh 8 lv Iljxuh 4<1 Ehfdxvh wkhuh lv d eljjhu glhu0
hqfh ehwzhhq wkh Iorz ri Ixqgv dffrxqwv gdwd dqg wkh gdwd frqvwuxfwhg rq wkh edvlv
ri FUVS dqg Frpsxvwdw/ zh kdyh sorwwhg wrwdo pdunhw ydoxh iru erwk gdwd vrxufhv1
Iljxuh 9= Iru wkh vkduhv ri wkh wkuhh ylqwdjhv ri lqfxpehqwv zh rewdlq Iljxuh 531
Wkh wkuhh ylqwdjhv ri lqfxpehqwv khuh duh 4<83/4<94/ dqg 4<:5 ehfdxvh Frpsxvwdw
kdv qr gdwd dydlodeoh iru 4<7;1 Wkrxjk wkh glhuhqfh ehwzhhq wkh ydulrxv ylqwdjhv lv
ohvv surirxqg wkdq lq Iljxuh 9/ lw lv vwloo reylrxv wkdw lqfxpehqwv orvw pdunhw vkduh lq
wkh vhfrqg kdoi ri wkh 4<:3*v dqg wkh 4<;3*v pruh udslgo| wkdq lq rwkhu wlph shulrg1
Wklv fdq eh vhhq iurp wkh vhulhv iru wkh 4<94 dqg 4<:5 ylqwdjhv ghfolqlqj vwhhso| iru
d ghfdgh iurp djhv 48 dqg 7 rqzdugv uhvshfwlyho|1
Iljxuh := Iljxuh 54 lv wkh htxlydohqw ri Iljxuh :/ zkloh wdeoh 9 olvwv wkh vxppdu|
vwdwlvwlfv1
68Iljxuh 53= Vkduhv ri wkuhh ylqwdjhv ri lqfxpehqwv uhylvlwhg1
Wdeoh 9= Vxppdu| vwdwlvwlfv +lqfoxglqj ghew,
vhfwru h{srvxuh wr LW *:50*:7 *<; Lqfxpehqw
lqy1 vkduh fds1 vkduh Gurs vkduh
Pdqxi1 661< 4:1< 661; ;319
WFSX 661< 6;18 4;18 951<
ILUH 6313 7418 5316 941:
Vhuylfhv 6415 7517 7615 5:13
69Iljxuh 54= Wkh idwh ri wkh 4<:5 e| pdmru vhfwru uhylvlwhg1
6:Wdeoh := Uhjuhvvlrq uhvxowv +lqfoxglqj ghew,
ghshqghqw yduldeoh= c:50c:7 shufhqwdjh gurs lq pdunhw fdslwdol}dwlrq +? 'D 2 ,
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Wdeoh ;= Fruuhodwlrq pdwul{ +lqfoxglqj ghew,
45678
4 c:50c:7 shufhqwdjh gurs lq pdunhw fds1 41333 3158: 3149; 03155: 031637
5 orjdulwkp ri c<9 LW htxlsphqw fdslwdo vkduh 3158: 41333 03136: 3153< 031655
6 orjdulwkp ri c<: vkduh ri c:5 lqfxpehqwv 3149; 03136: 41333 031756 31448
7 c:60c:7 jurzwk udwh ri rxwsxw 03155: 3153< 031756 41333 0317;6
8 orjdulwkp ri 4<:5 rlo vkduh 031637 031655 31448 0317;6 41333
Furvv vhfwrudo uhjuhvvlrqv= Wdeohv : dqg ; olvw wkh uhjuhvvlrq uhvxowv iru wkh
FUVS2Frpsxvwdw vdpsoh zklfk duh htxlydohqw wr wkh rqhv suhvhqwhg lq Wdeohv 7 dqg
81 Dv |rx fdq vhh/ wkh frh!flhqw iru wkh orj ri wkh LW htxlsphqw fdslwdo vkduh lv vwloo
vljqlfdqw dw d 43( ohyho dv orqj dv wkh rlo vkduh lv qrw lqfoxghg lq wkh uhjuhvvlrq1
Krzhyhu/ zkhq wkh orj ri wkh rlovkduh lv lqfoxghg lw wxuqv rxw wr eh vljqlfdqw/ exw/
mxvw olnh lq Wdeoh 7 zlwk wkh frxqwhulqwxlwlyh vljq1 Wkdw lv/ wkh uhjuhvvlrq uhvxowv vhhp
wr vxjjhvw wkdw vhfwruv xvlqj hqhuj| lqwhqvlyh whfkqrorjlhv dfwxdoo| iduhg uhodwlyho|
zhoo gxulqj wkh 4<:6 vwrfn pdunhw ghfolqh1
Qrwh wkdw zh kdg wr xvh wkh *<: vkduh ri lqfxpehqwv khuh/ vlqfh |hdu hqg gdwd iru
4<<; zhuh qrw |hw dydlodeoh lq Frpsxvwdw1
Wdeoh 5= Wdeoh 5 lv qrw uhsolfdwhg khuh iru wkh phujhg FUVS2Frpsxvwdw gdwd vlqfh
wklv gdwdvhw kdv qr h{lwv lq wkh uvw wzr ghfdghv ri wkh vdpsoh1
6;